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PREFACE 
This  r e p o r t  was prepared  f o r  Con t r ac t  NAS 1-12008, Expansion 
and Extension of t h e  ODIN/RLV Computer Program - Task 2 ,  
Eva lua te  and Improve t h e  E x i s t i n g  O D I N  Program L ib ra ry .  The 
c o n t r a c t  was funded by t h e  Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion ,  Langley Research Cente r ,  Space Systems Divis-  
ion .  
The O D I N  procedure  i s  a des ign  a n a l y s i s  t echnique  which a l lows  
t h e  use  of e x i s t i n g  computer codes a s  p a r t  of a l a r g e r  sirnula- 
t i o n .  Communication of  in format ion  among computer codes i s  
accomplished by means of  a d a t a  base  r e p o s i t o r y  a c c e s s i b l e  and 
managed by t h e  O D I N  e x e c u t i v e  computer code, DIALOG. 
The o b j e c t i v e  o f  t h e  c o n t r a c t  t a s k  was t h e  improvement of  t h e  
VAMP program and i n c o r p o r a t i o n  i n t o  t h e  O D I N  l i b r a r y .  The 
o r i g i n a l  development on t h e  VAMP computer code was performed 
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VAMP: A COMPUTER PROGRAM FOR CALCULATING VOLUME, 
AREA, AND MASS PROPERTIES OF AEROSPACE VEHICLES. 
P. J. Norton - LTV Aerospace Corporation 
and 
C. R. G l a t t  - Aerophysics Research Corporation 
This  document desc r ibes  a  method and computer program f o r  
t h e  c a l c u l a t i o n  of t h e  mass p r o p e r t i e s ,  c.g. l o c a t i o n ,  
enclosed volume, wet ted a r e a  and planform a r e a  of any 
closed s t r u c t u r e  t h a t  has a  p lane  of symmetry. The v e h i c l e  
i s  descr ibed t o  t h e  computer program by ordered sets of 
X, Y ,  Z coordina tes  of p o i n t s  on i t s  sur face .  The X,  Y, Z 
coordina tes  a r e  converted t o  q u a d r i l a t e r a l  elements f o r  
ana lys is .  The mass p r o p e r t i e s  of each q u a d r i l a t e r a l  may 
be computed from a th ickness  and dens i ty  i n p u t  f o r  each 
q u a d r i l a t e r a l  o r  from a weight p e r  u n i t  a r e a  i n p u t  a t  each 
p o i n t  o r  from a combination of both. The weight p e r  u n i t  
a r e a  can be a  composite of t h e  r e a l  w a l l  inc luding  s k i n ,  
i n s u l a t i o n ,  r i b s ,  s t r i n g e r s ,  s t andof f s ,  b racke t s ,  e t c ,  
The mass p r o p e r t i e s  of t h e  q u a d r i l a t e r a l  elements a r e  
accumulated f o r  each s e c t i o n  of t h e  v e h i c l e  and f o r  t h e  
t o t a l  veh ic le .  The computed mass proper ty  t o t a l s  may 
con ta in  n o t  only- the  c o n t r i b u t i o n  ffom t h e  d i s t r i b u t e d  mass 
on t h e  v e h i c l e  su r face  w a l l ,  bu t  a d d i t i o n a l  masses may be 
added a s  "black boxes" by spec i fy ing  each one ' s  c.g. loca- 
t i o n  and mass p roper t i e s .  The added black boxes may be 
i n s i d e  o r  o u t s i d e  t h e  su r face  and do not  have t o  be 
symmetrical wi th  r e s p e c t  t o  X-Z plane.  
Program VAMP (Volume, Area and g a s s  P r o p e r t i e s )  can produce 
p i c t u r e - l i k e  images of-the v e h i c l e  o r  i n d i v i d u a l  s e c t i o n s  from 
t h e  q u a d r i l a t e r a l  element da ta .  This  f a c i l i t a t e s  checking t h e  
i n p u t  and v i s u a l i z i n g  new/or modified conf igura t ions .  Ortho- 
graphic ,  pe r spec t ive  and s t e r e o  views may be obtained,  
The VAMP program has been i n t e g r a t e d  i n t o  t h e  O D I N  (Optimal 
Design I n t e g r a t i o n )  Library of programs s o  t h a t  any s e l e c t e d  
mass p r o p e r t i e s  d a t a  can be s t o r e d  i n  a  common d a t a  base f o r  
use by o t h e r  programs, A l t e r n a t e l y ,  VAMP may accept  d a t a  
from t h e  common d a t a  base a s  i n p u t  t o  t h e  program. 
INTRODUCTION 
The e s t i m a t i o n  of t h e  mass p r o p e r t i e s  of a  v e h i c l e  i s  one 
of t h e  most impor tan t  c o n s i d e r a t i o n s  i n  t h e  des ign  p roces s  
and y e t  one of  t h e  most i n e x a c t  eng inee r ing  endeavors.  
While t h e  c a l c u l a t i o n  of  aerodynamic, p ropu l s ion  and 
miss ion  performance a r e  based on widely  recognized mathe- 
m a t i c a l  p r e d i c t i o n  t echn iques ,  t h e  e s t i m a t i o n  of weight 
must be  based l a r g e l y  on h i s t o r i c a l  d a t a .  The a r t  of  
weight e s t i m a t i o n  has  evolved through t h e  y e a r s  by t h e  
d i l i g e n t  c o l l e c t i o n  and c o r r e l a t i o n  of component weigh ts  
of p r e v i o u s l y  b u i l t  v e h i c l e s .  New des ign  weights  a r e  
p r e d i c t e d  on t h e  b a s i s  o f  t h e  component weigh ts  of p a s t  
des igns .  L i t t l e  in format ion  i s  u s u a l l y  a v a i l a b l e  on t h e  
o t h e r  p r o p e r t i e s  such a s  volume, a r e a ,  c e n t e r  of g r a v i t y  
and i n e r t i a  of t h e  components. Even f o r  "weights  only"  
c a l c u l a t i o n ,  h i s t o r i c a l  methods l a c k  v a l i d i t y  i n  p r e d i c t -  
i n g  advanced s t a t e - o f - t h e - a r t  de s ign  d a t a .  F u r t h e r ,  t h e  
i n f l u e n c e  o f  sma l l  des ign  p e r t u r b a t i o n s  e ludes  such g r o s s  
p r e d i c t i o n  methods. 
During t h e  l a t e r  des ign  phases  when d e t a i l  s t r u c t u r e d  
ana lyses  a r e  a v a i l a b l e  f o r  some components, t h e  weights  
eng inee r  must s t i l l  r e v e r t  t o  e m p i r i c a l  a n a l y s i s  methods 
f o r  subsystem and secondary s t r u c t u r e  weights  such a s  
wing l e a d i n g  e d g e s ,  canopies ,  f a i r i n g s ,  etc. 
E x i s t i n g  programs such a s  r e f e r e n c e s  1 through 6 l e a n  
h e a v i l y  on t h e  h i s t o r i c a l  approach f o r  weigh t  e s t i m a t i n g .  
T o  obta.in more r e l i a b l e  i n fo rma t ion ,  t h e  des igne r  nrust 
t u r n  t o  s t r u c t u r a l  a n a l y s i s  and subsystem des ign  programs 
such a s  r e f e r e n c e s  7 through 13. The d e t a i l e d  geometry 
d e s c r i p t i o n s  r e q u i r e d  f o r  t h e s e  c l a s s e s  of ana lyses  a r e  
u s u a l l y  n o t  known u n t i l  the  l a t e r  des ign  phases .  A t  t h i s  
l a t e r  phase t h e  des ign  i s  u s u a l l y  f rozen  and l i t t l e  
geometr ic  p e r t u r b a t i o n  i s  al lowed. F u r t h e r ,  sma l l  per-  
t u r b a t i o n  a n a l y s i s  us ing  t h e s e  programs i s  ve ry  expensive 
i n  terms o f  manpower and computer r e sou rces .  
Although t h e  p r e c i s e  weight and o t h e r  p r o p e r t i e s  of t h e  
v e h i c l e  components a r e  i l l u s i v e ,  o r  a t  b e s t  a very  complex 
c a l c u l a t i o n ,  mathemat ical  equa t ions  f o r  combining t h e  com- 
ponents  mass p r o p e r t i e s  i n t o  t o t a l  v e h i c l e  mass p r o p e r t i e s  
a r e  q u i t e  conc ise .  Mass p rope r ty  e v a l u a t i o n s  f o r  t h e  
t o t a l  v e h i c l e  a s  w e l l  a s  p e r t u r b a t i o n s  due t o  added o r  
d e l e t e d  masses a r e  e a s i l y  determined once t h e  mass p r o p e r t i e s  
of a11  t h e  components a r e  known ( o r  a s s i g n e d ) .  
The program ( f o r  Volume Area and Mass P r o p e r t i e s )  i s  
designed t o  br idge  the-gap between the -h i s to r i ca l  weight 
approach and t h e  d e t a i l e d  s t r u c t u r a l  a n a l y s i s  approach. 
VAMP computes t h e  volume, a rea  and mass p r o p e r t i e s  based 
on a su r face  model and a su r face  u n i t  d i s t r i b u t i o n  of 
mass. Any number of su r face  models o r  s e c t i o n s  may be 
described. The program maintains  an accounting of t h e  
p r o p e r t i e s  of each component and can accumulate t h e  
p r o p e r t i e s  of a l l  veh ic le  sec t ions .  The accumulated 
s e c t i o n  p r o p e r t i e s  can be combined wi th  t h e  p r o p e r t i e s  
of a r b i t r a r y  s p e c i f i e d  masses (black boxes) .  
The o r i g i n a l  development on t h e  VAMP computer code was 
performed by M r .  P a t r i c k  Norton under c o n t r a c t  t o  NASA, 
Robert T. Wingate served a s  c o n t r a c t  monitor. M r ,  P h i l l i p  
J. Klich,  a l s o  of NASA, made s i g n i f i c a n t  con t r ibu t ions  t o  
t h e  development and f i n a l  checkout of t h e  VAMP computer 
program. VAMP was l a t e r  modified f o r  use i n  t h e  ODIN 
system and has s i n c e  been used ex tens ive ly  i n  design 
a n a l y s i s  s t u d i e s  a t  N ~ S ~ / L a n g l e y  Research Center. 
The s i g n i f i c a n t  c o n t r i b u t i o n  of t h e  VAMP program develop- 
ment t o  t h e  genera l  problem of computer a ided design i s  
twofold, F i r s t ,  t h e  program o f f e r s  a u n i f i e d  approach t o  
t h e  accounting of t h e  v e h i c l e  component mass p roper t i e s .  
The f a c t  t h a t  a component weight i s  n o t  w e l l  known does 
no t  exclude it from being analyzed i n  a mass p r o p e r t i e s  
eva lua t ion ,  Furthermore, d e t a i l e d  mass p r o p e r t i e s  of 
some v e h i c l e  components may be determined elsewhere and 
s t i l l  be included i n  t h e  VAMP ana lys i s .  Second, t h e  
d i s t r i b u t e d  mass su r face  model incorpora ted  i n  VAMP 
allows a very convenient means of producing v e h i c l e  
geometric pe r tu rba t ions  e a r l y  i n  t h e  design process  with 
some degree of confidence i n  t h e  r e l a t i v e  a f f e c t  of t h e  
per turba t ion .  A s  more d e t a i l e d  information on t h e  design 
becomes a v a i l a b l e ,  t h e  component i n p u t  t o  VAMP may be 
gradual ly  replaced without  d i s t r u c t i o n  of t h e  o v e r a l l  
con t inu i ty  of t h e  weights ana lys i s .  
VOLUME, AREA AND MASS PROPERTIES ANALYSIS 
The mathematical modeling of t h e  VAMP program permits  t h e  
c a l c u l a t i o n  of t h e  mass p r o p e r t i e s ,  c.g. l o c a t i o n s ,  
enclosed volume, wetted a r e a  and planform a r e a  of any 
closed s t r u c t u r e  t h a t  has a  plane of symmetry, e.g. fuse- 
l age ,  s t i f f e n e d  f u e l  tank,  e t c .  The veh ic le  i s  descr ibed 
i n  a symmetrical manner and c o n s i s t s  of s e t s  of X,  Y ,  Z 
coordinates  on i t s  sur face .  The su r face  coordina tes  a r e  
converted t o  q u a d r i l a t e r a l  elements but  s i n c e  t h e  four  
corners  of t h e  q u a d i l a t e r a l s  a r e  no t  n e c e s s a r i l y  coplanar ,  
each q u a d r i l a t e r a l  i s  analyzed a s  two t r i a n g l e s .  The mass 
p r o p e r t i e s  a r e  computed from'a th ickness  and dens i ty  i n p u t  
f o r  each q u a d r i l a t e r a l ,  from a  weight pe r  u n i t  a rea  inpu t  
a t  each p o i n t ,  o r  from a  combination of both. The weight 
per  u n i t  a rea  can be a  composite of t h e  r e a l  wa l l  includ-  
ing  sk in ,  i n s u l a t i o n ,  r i b s ,  s t r i n g e r s ,  s t andof f s ,  b racke t s ,  
e t c ,  
The elemental  mass p r o p e r t i e s  a r e  accumulated f o r  each 
s e c t i o n  and f o r  t h e  t o t a l  vehic le .  The computed mass 
property t o t a l s  conta in ing  t h e  con t r ibu t ion  from t h e  
d i s t r i b u t e d  mass i n  t h e  veh ic le  su r face  wa l l  may be 
combined wi th  a d d i t i o n a l  masses spec i fy ing  each one 's  
c.g. l o c a t i o n  and mass p r o p e r t i e s  about i t s  c.g. The added 
black boxes may be i n s i d e  o r  o u t s i d e  t h e  su r face  and do 
not have t o  symmetrical. 
The p r o p e r t i e s  of t h e  veh ic le  computed by t h e  program are:  
1. Weight 
2 .  Coordinates of t h e  c.g. 
3 .  Three mass moments of i n e r t i a  p l u s  IXZ about 
both t h e  r e fe rence  axes and axes through t h e  
c.g. p a r a l l e l  t o  t h e  r e fe rence  axes. 
4. Surface area.  
5. Enclosed volume. 
6.  Coordinates of t h e  C.V. 
7 ,  Projec ted  area .  
These p r o p e r t i e s  a r e  output  f o r  each segment along wi th  
e ~ m u l a t i v e  t o t a l s  and complete v e h i c l e  values.  
Surface Model 
The numerical model of t h e  su r face  shape t o  be analyzed i s  
descr ibed by. q u a d r i l a t e r a l  elements. Each q u a d r i l a t e r a l  
element c o n s i s t s  of a  grouping of four  su r face  po in t s ,  An 
organized s e t  of q u a d r i l a t e r a l  elements form a  segment of 
t h e  conf igura t ion .  A number of segments may be used t o  
provide a  complete d e s c r i p t i o n  of t h e  conf igura t ion ,  
The conf igura t ion  i s  usual ly  (bu t  not  necessa r i ly )  pos i t ioned 
wi th  i t s  nose a t  t h e  coordina te  system o r i g i n  and with t h e  
length  of t h e  body s t r e t c h i n g  i n  a  p o s i t i v e  X-direction. 
The coordinate  system used f o r  t h i s  program i s  t h e  r i g h t  
hand Car tes i an  system as  i l l u s t r a t e d  below: 
The conf igura t ion  i s  assumed symmetrical about t h e  X-Z 
plane,  and t h e  a n a l y s i s  accounts f o r  t h e  plane of s 
The conf igura t ion  may c o n s i s t  of an a r b i t r a r y  number of 
wing and body sec t ions .  The body s e c t i o n s  a r e  descr ibed 
i n  t h e  p o s i t i v e  ha l f  plane perpendicular  t o  t h e  plane of 
symmetry. The wings a r e  descr ibed a s  a i r f o i l  s e c t i o n s  
p a r a l l e l  t o  t h e  p lane  of symmetry. Canards and hor izon ta l  
s t a b i l i z e r s  a r e  descr ibed s i m i l a r  t o  wings. Fins  cannot 
be descr ibed a s  a i r f o i l  s e c t i o n s  but  they  may be descr ibed 
a s  body sec t ions .  
Points  along t h e  X-axis a r e  r e f e r r e d  t o  a s  s t a t i o n  coordina tes  
A Y-Z p lane  i s  a s t a t i o n  plane,  The Y-Z coordinates  i n  t h e  
s t a t i o n  plane form a s t a t i o n  contour.  
A plor t ion of t h e  mathematical su r face  model i s  presented 
i n  t h e  i l l u s t r a t i o n  above. The X , Y , Z  coordina tes  of t h e  
poi.nts 'where t h e  s o l i d  g r i d  l i n e s  c ross  a r e  descr ibed t o  
t h e  program. Each p o i n t  (1,J) i s  assoc ia ted  wi th  a s t a t i o n  
number J and a contour po in t  I. Thus, t h e  c i r c l e d  p o i n t  
i s  8,s and it has coordinates  X5:Y8 ,5 ;Z8 ,5 .  The model 
groups t h e  su r face  po in t s  i n t o  q u a d r i l a t e r a l  elements which 
a l s o  have unique I,J i d e n t i f i c a t i o n .  The crosshatched one 
i s  8 , 5  corresponding t o  i t s  lowest numbered corner.  The 
dashed diagonals  i l l u s t r a t e  t h e  d i v i s i o n  of each quadri-  
l a t e r a l  i n t o  two t r i a n g l e s  f o r  ana lys i s .  
A i r f o i l  s e c t i o n s  a r e  descr ibed i n  a  s i m i l a r  manner as t h e  
body s e c t i o n s  above. I n  t h e  case  of a i r f o i l  s e c t i o n ,  t h e  
p a r t s  a r e  descr ibed i n  Xv-Z planes p a r a l l e l  t o  t h e  plane of 
symmetry. 
The o b j e c t i v e  i n  t h e  a n a l y s i s  i s  t o  c a l c u l a t e  t h e  p r o p e r t i e s  
of each q u a d r i l a t e r a l  (two t r i a n g l e s )  elements and t r ans -  
form t h e  r e s u l t s  back t o  t h e  r e fe rence  coordina te  system, 
then  accumulate t h e  p r o p e r t i e s  from a l l  elements of t h e  
sur face .  
Mass P r o p e r t i e s  of a  Tr iangular  Surface Element. - The 
t r i a n q u l a r  s u r f a c e  element i l l u s t r a t e d  below wi th  i t s  base 
a  s t a t i o n  J and apex a t  J+1 i s  assumed t o  be of uniform 
th ickness  and homogeneous. 
z 
A s  viewed from t h e  ou t s ide  of t h e  veh ic le ,  t h e  l o c a l  x,y,z 
coordina te  system has i t s  o r i g i n  a t  (1,J) .  The x-y plane 
i s  co inc iden ta l  with t h e  p lane  of t h e  t r i a n g l e .  &' i s  the 
he igh t  of t h e  t r i a n g l e .  B i s  t h e  base of t h e  t r i a n g l e .  
C i s  t h e  o f f s e t  of t h e  apex from t h e  y-axis. H i s  t h e  
th ickness  which i s  assumed t o  be small  compared t o  A, B 
and C, 
The a r e a ,  S  of t h i s  elemental  t r i a n g l e  is: 
S  = AB/2 (1) 
The f i r s t  moments of i n e r t i a  f o r  t h e  same t r i a n g l e  are:  
Sx = P H s  (B+C)/Z (2) 
S = PHSA/2 
Y ( 3 )  
T h e  second moments of i n e r t i a  f o r  t h e  elemental  t r i a n g l e  
are : 
Where p i s  t h e  dens i ty  of t h e  t h i n  t r i a n g l e .  F i n a l l y ,  t h e  
products  of i n e r t i a  are:  
The coordinates  of  t h e  c e n t r o i d  ( c e n t e r  of g r a v i t y )  of t h e  
triangular element a re :  
The t ransformation of t h e  i n e r t i a s  and products  of i n e r t i a  
t o  t h e  cen t ro id  y ie ld :  
Transformation Matrix f o r  Tr iangle  Elements. - The mass 
p r o p e r t i e s  above a r e  given f o r  a simple t r i a n g u l a r  element 
i n  t h e  l o c a l  x,y,z coordina te  system. The elemental  mass 
p r o p e r t i e s  must be transformed t o  t h e  reference  coordina te  
system X , Y , Z  f o r  cummulation wi th  o t h e r  elements, The 
t ransformat ion  from t h e  primary X f Y f Z  coordina te  system t o  
t h e  l o c a l  system is  given by: 
Where XOIYO,ZO a r e  t h e  coordina tes  of t h e  prime system 
o r i g i n  with.  r e spec t  t o  same a r b i t r a r y  reference  po in t  and 
DC i s  a matr ix  of d i r e c t i o n  cosines.  The elements of DC 
a r e  : 
PX XPY X P Z  
P X  YPY YPZ 
P X  ZPY Z P Z  
For a u n i t  vec tor  i n  t h e  x d i r e c t i o n ,  XPX i s  t h e  p r o j e c t i o n  
- - 
of x on X ,  XPY i s  t h e  p r o j e c t o r  of x on Y ,  e t c .  The 
v e r t i c e s  of t h e  t r i a n g u l a r  element i n  l o c a l  x ,y ,z  
coordina tes  may be considered a s  v e c t i c e s  B and D, drawn 
from t h e  o r i g i n  (0 ,0 ,0 ) .  The components of B and D a r e  
developed a s  follows. That i s , B X  i s  t h e  X component of 
B and DY i s  t h e  Y component of D ,  e t c .  Therefore:  
I f :  
Then: 
XO = X ( J )  
YO = Y ( I , J )  
zo = Z ( 1 , J )  
BX = 0.0  (B l i e s  i n  YZ Plane) 
BY = Y ( I + l , J )  - YO 
BZ = Z ( I + l , J )  - ZO 
DX = X(J+l )  - XO 
DY = Y (I+1, J+1) - YO 
DZ = Z (I-1,J-1) - ZO 
The c ross  product of B wi th  D i s  a vec to r  S2 i n  t h e  z 
d i r e c t i o n .  I ts  magnitude i s  twice t h e  su r face  a rea  of 
t h e  t r i a n g l e .  Let SX,SY and SZ be t h e  components of S2. 
Since BX = 0 ,  t h e  c ross  product y i e l d s :  
Let  B, D,  S2 rep resen t  t h e  magnitude of t h e i r  r e spec t ive  
vec tors .  Then B/B = u n i t  vec tor  i n  x d i r e c t i o n  and S 1 2 7 ~ 2  
= u n i t  vec to r  i n  z d i r e c t i o n .  
Ir-, follows: 
3 / ~ 2  c ross  B/B = u n i t  vec to r  i n  
y d i r e c t i o n  (31) 
The components of each u n i t  vec to r  a r e  a row i n  t h e  matr ix  
DC, Therefore: 
X P X  = BX/B = 0 .0  (32) 
XPY = BY/B (3  3  
XPZ = BZ/B (34) 
Z P X  = sx/s2 ( 3 5 )  
ZPY = SY/S2 (36) 
ZPZ = SZ/S2 (37) 
Y P X  = ZPX*XPZ - XPY*ZPZ = DX/A ( 3 8 )  
YPY = XPZ*ZPX 
YPZ = ZPX*XPY 
The preceding s t e p s  considered a t r i a n g l e  with i t s  base on 
J and apex on J+1. The o t h e r  h a l f  of each quadr i la te ra l -  
has i t s  base on J + 1  and ve r t ex  on J. The v e r t i c e s  a r e  
i d e n t i f i e d  a s  follows: 
The a n a l y s i s  f o r  t h e  inver t ed  t r i a n g l e  i s  s i m i l a r  t o  t h e  
upr igh t  t r i a n g l e .  The only d i f f e r e n c e  i s  i n  equat ions (13) 
through ( 2 1 ) .  For t h e  i n v e r t e d  t r i a n g l e ,  
The above a n a l y s i s  i s  s i m i l a r  f o r  a i r f o i l  type  s e c t i o n s  
descr ibed  i n  t h e  x-z plane.  
Mass P r o p e r t i e s  of t h e  Sur face .  - The c.g.  and mass pro- 
p e r t i e s  exp res s ions  f o r  a t r i a n g l e  a r e  g iven  i n  t h e  
prev ious  s e c t i o n .  The t r i a n g u l a r  element parameters  A 
and B have been developed above and a r e  always p o s i t i v e .  
2 Now C =. D 2 - A b u t  C can be  nega t ive .  However, C and 
i t s  s i g n  a r e  g iven  d i r e c t l y  by t h e  d o t  p roduc t  of  D w i t h  
t h e  u n i t  v e c t o r  i n  t h e  x d i r e c t i o n .  
C = DY*XPY+DZ*XPZ ( 5 0 )  
The r e s u l t i n g  c.g.  coo rd ina t e s  a r e  i n  t h e  x ,  y ,  z system 
and t h e  i n e r t i a s  a r e  about  axes  through t h e  c.g. ,  p a r a l l e l  
t o  t h e  prime system. They a r e  t ransformed t o  t h e  system 
r e f e r e n c e  axes  as fol lows:  
This  i s  r e a d i l y  expanded s i n c e  t h e  i n v e r s e  o f  DC i s  
i d e n t i c a l  t o  i t s  t r anspose .  The produc ts  and moments of  
i n e r t i a  p a r a l l e l  t o  t h e  prime axes  a r e  assembled i n  PMIP: 
The minus s i g n s  on t h e  produc ts  of i n e r t i a  a r e  a consequence 
of t h e  c o o r d i n a t e  system d e f i n i t i o n .  Th i s  p l a c e s  t h e  m a t r i x  
PMIP i n  t e n s o r  form. I t  can be shown t h a t  t h e  i n e r t i a s  are 
r o t a t e d  p a r a l l e l  t o  t h e  system axes  by: 
[PMI] = [ D C ] ~  * [PMIP]*[DC] ( 5 3 )  
PMI c o n t a i n s  t h e  i n e r t i a s  about  axes  p a r a l l e l  t o  t h e  system 
r e f e r e n c e  axes ,  b u t  cen te red  on t h e  t r i a n g l d s  c.g. Trans- 
l a t i o n  t o  t h e  system o r i g i n  makes u se  of  t h e  p a r a l l e l  a x i s  
theorem a long  w i t h  XBR, YBR, ZBR computed above, and i s  
inc luded  w i t h  t h e  summation procedure  desc r ibed  i n  t h e  n e x t  
paragraph.  The produc ts  of  i n e r t i a  con ta ined  i n  PMI a r e  
t h e  nega t ive  of  t h e i r  eng ineer ing  d e f i n i t i o n ,  l i k e  t hey  
a r e  i n  PMIP. 
I n  t h e  VAMP a n a l y s i s ,  a l l  va lues  i n  PMI a r e  twice t h e  
t r u e  value s i n c e  S 2  = twice  t h e  a r e a  of t h e  t r i a n g l e ,  S 2  
has been r e t a i n e d  through a l l  t h e  computations. But each 
t r i a n g l e  has a  symmetrical coun te rpa r t  on t h e  o t h e r  s i d e  
of Y = 0 whose con t r ibu t ion  t o  t h e  t o t a l  i s  e i t h e r  equal  
o r  equal-and-opposite. I n  t h e  l a t t e r  case ,  t h e  r e s u l t a n t  
i s  zero; i .e. ,  - IXY - Iyz = 0.0. 
Area Calcula t ions .  - The s u r f a c e  a rea  and pro jec ted  a r e a  
r e s u l t  from t h e  summation of t h e  elemental  a r e a s  from t h e  
above analyses .  The su r face  a rea  is: 
S2  i s  twice t h e  elemental  a r e a  and t h e  p ro jec ted  a rea  (on 
t h e  y-z p lane)  is: 
Volume Calcula t ions .  - The elemental  volume of a  su r face  
element i s  t h e  p r o j e c t i o n  of t h e  elemental  a r e a  on the 
x-y p lane  m u l t i p l i e d  by t h e  average d i s t ance  t o  t h e  c .gm 
of t h e  element. The t o t a l  volume is:  
The s ign  of t h e  d i r e c t i o n  cos ine  accounts f o r  whether 
t h e  elemental  volume i s  added o r  subt rac ted .  
The cen te r  of volume i s  simply: 
The above c a l c u l a t i o n s  a r e  approximate because of t h e  
assumption t h a t  t h e  c.g. of t h e  element i s  an adequate 
approximation f o r  t h e  e n t i r e  elemental  sur face .  The 
assumption i s  reasonable f o r  small  elements b u t  may 
n o t  be v a l i d  f o r  a  g ross  pane l l ing  of t h e  configurat ion, ,  
Black Box Contr ibut ions t o  t h e  Mass P r o p e r t i e s  
The s u r f a c e  model descr ibed above i s  s u i t a b l e  f o r  descr ib-  
ing  s h e l l  s t r u c t u r e s  such a s  t anks ,  s k i n s ,  e t c .  However, 
the a d d i t i o n  of mass n o t  conforming t h e  above model may be 
neclessary i n  t h e  complete d e s c r i p t i o n  of t h e  v e h i c l e  mass 
p roper t i e s .  I n  t h e  VAMP a n a l y s i s ,  a d d i t i o n a l  mass sources 
may be added by spec i fy ing  each ones c e n t e r  of g r a v i t y  
(c.g.)  l o c a t i o n  and mass p roper t i e s .  These mass sources  
c a l l e d  "black boxes" may l i e  i n s i d e  o r  o u t s i d e  t h e  sur-  
f a c e  and do no t  have t o  be symmetrical wi th  r e s p e c t  t o  
t h e  x-z plane. The VAMP program combines t h e  d e t a i l e d  
shape inpu t s  and t h e  black box d a t a  t o  produce t h e  over- 
a l l  mass p r o p e r t i e s  of t h e  vehic le .  
Black box masses a r e  descr ibed  t o  t h e  program i n  t h e  
fol lowing manner: 
1. Location of i t s  c.g. i n  system re fe rence  
coordinates .  
2. T o t a l  weight. 
3. Moments and products of i n e r t i a  about l o c a l  
axes through i t s  c.g. 
4.  Or ien ta t ion  of l o c a l  axes r e l a t i v e  t o  t h e  
system reference  axes o r  r e l a t i v e  t o  some 
in termedia te  axes. 
T h e  minimum requi red  f o r  a  black box i n p u t  i s  t h e  s p e c i f i c a -  
t i o n  of i tems 1 and 2. I f  i tems 3 and 4 are omitted,  
t h e  moments and products of i n e r t i a  a r e  assumed t o  be 
zero and t h e  o r i e n t a t i o n  of t h e  l o c a l  a x i s  i s  assumed 
t o  be co inc iden ta l  wi th  t h e  system re fe rence  axes. The 
con t r ibu t ion  of each black box i s  added t o  t h e  cumulative 
t o t a l s  produced by t h e  a n a l y s i s .  Since t h e  s i z e  and shape 
i s  n o t  being s p e c i f i e d ,  t h e r e  i s  no a d d i t i o n  t o  su r face  
a rea  o r  volume. Since t h e  b lack  boxes do n o t  have t o  be 
e t r i c a l  wi th  r e s p e c t  t o  t h e  x-z p lane ,  IXY # IYZ #
0 - 0 ,  and t h e r e  can be a  non-zero f i r s t  moment wi th  r e s p e c t  
t o  U. 
The moments and products  of i n e r t i a  of each black box a r e  
inpu t  d i r e c t l y  t o  PMIP ( s e e  equat ion 5 2 ) .  The program 
takes  case of f i l l i n g  t h e  upper ha l f  and adding t h e  minus 
s igns .  Rotat ion of t h e  i n e r t i a s  uses equat ion 53. DC 
i s  obtained from inpu t  d a t a  a s  follows. Consider t h e  
l o c a l  x,y plane: 
Po in t  0 i s  t h e  o r i g i n .  Po in t s  1 and 2 a r e  a r b i t r a r y  
points-on t h e  +x and +y axes r e spec t ive ly .  Coordinates 
of t h e s e  t h r e e  po in t s ,  measured i n  t h e  system t o  which 
t h e  i n e r t i a s  a r e  being r o t a t e d ,  a r e  inputs .  It i s  a 
simple ma t t e r  t o  cons t ruc t  u n i t  vec to r s  i n  t h e  x and y 
d i r e c t i o n s  and t h e i r  components y i e l d  t h e  f i r s t  two rows 
i n  DC, equat ion 18 .  The t h i r d  row i s  t h e  c r o s s  product 
of t h e s e  two u n i t  vec tors .  
I n  o r d e r  t o  c o n s t r u c t  DC, it i s  not  necessary t h a t  p o i n t  
0 be t h e  c. g.. The coordina tes  x ,  y must be p a r a l l e l  t o  
t h e  axes t o  which t h e  PMIP inpu t s  a r e  referenced,  but 
r o t a t i o n  i s  performed independently of t r a n s l a t i o n .  A f t e r  
t h e  r o t a t i o n  of equat ion 5 3 ,  t h e  i n e r t i a s  i n  PMI a r e  s t i l l  
centered  on t h e  c.g. of t h e  black box. Only t h e  r o t a t i o n  
t akes  p lace  and t h e  contents  of PMI a r e  moved t o  PMPP. 
Thus, it i s  p o s s i b l e  t o  make s e v e r a l  r o t a t i o n s ,  i f  needed, 
t o  reach alignment wi th  t h e  system reference  axes. The 
i n p u t  t o  t h e  program can be developed from any convenient 
p o i n t s  a n  t h e  black box and in termedia te  s t r u c t u r e  whose 
coordina tes  a r e  known. The i n p u t  does no t  always have 
t o  be i n  t h e  same u n i t s  a s  t h e  system X,Y,Z data .  
Configurat ion P l o t t i n g  
The p l o t t i n g  c a p a b i l i t y  i n  the  VAMP program i s  based 
upon re fe rence  1 6 .  The following types  of p l o t t i n g  
c a p a b i l i t y  a r e  contained i n  t h e  program: 
2 ,  Orthographic,  from an a r b i t r a r y  viewing angle.  
3. Perspect ive ,  from an a r b i t r a r y  viewing angle.  
4.  S tereoscopic ,  from an a r b i t r a r y  viewing angle.  
The program i n t e r f a c e s  through t h e  CDC 6600  t o  t h e  follow- 
ing  types  of equipment: 
1. On-line cathode ray  tube. 
2.  CALCOMP p l o t t e r .  
Gerber p l o t t e r .  
4. Stereoscope. 
The numerical model of t h e  a i r c r a f t  conf igura t ion  may 
inc lude  any combination of components a v a i l a b l e  i n  t h e  
b a s i c  VAMP program. The wing i s  made up of a i r f o i l  
s e c t i o n s ,  t h e  body i s  defined by e i t h e r  c i r c u l a r  o r  
a r b i t r a r y  sec t ions .  The f i n s  must be def ined  s i m i l a r  
t o  t h e  fuse lage ,  b u t  s t a b i l i z e r s  and canards can be 
defined s i m i l a r  t o  t h e  wings. The v e h i c l e  geometric 
s p e c i f i c a t i o n  i s  converted i n t o  a s e t  of q u a d r i l a t e r a l  
panel  elements i n  a manner s i m i l a r  t o  t h a t  descr ibed 
above. However, q u a d r i l a t e r a l  elements a r e  analyzed 
d i r e c t l y  r a t h e r  than a s  two t r i a n g l e s .  
Orthographic p r o j e c t i o n s  a r e  c rea ted  by r o t a t i n g  each 
p o i n t  on t h e  body su r face  t o  t h e  d e s i r e d  viewing angle  
and then  transforming t h e  p o i n t s  i n t o  a coordina te  system 
in t h e  p lane  of t h e  paper. The r o t a t i o n s  of t h e  body and 
i t s  coordina te  system t o  g ive  a des i red  viewing angle  a r e  
s p e c i f i e d  by angles  of r o l l ,  p i t c h  and yaw (@,  8, 9 )  using 
t h e  convention below: 
The code computes t h e  "average" u n i t  normal vec to r  t o  each 
panel. The r e s u l t i n g  s e t  of vec to r s  may be used t o  pro- 
vide t h e  c a p a b i l i t y  of d e l e t i n g  most elements on t h e  su r -  
face  of t h e  conf igura t ion  which would not  be seen by a 
viewer. By t h i s  device a use r  may remove many confusing 
panel  elements, No provis ion  i s  made f o r  d e l e t i n g  com- 
ponents hidden by o t h e r  components o r  f o r  d e l e t i n g  portiolns 
of an element a t  t h e  p resen t  time. 
When three-views a r e  reques ted ,  t h e  p lan ,  f r o n t  and s i d e  
views a r e  provided i n  a compact and p leas ing  t o  t h e  eye 
arrangement, An opt ion  i s  provided f o r  t h e  or thographic 
p r o j e c t i o n s  of these  three-views t o  be spaced one above 
t h e  o t h e r ,  A t y p i c a l  three-view obtained i n  t h i s  manner 
has been presented  i n  f i g u r e  1. 
The pe r spec t ive  views represen t  t h e  p r o j e c t i o n  of a given 
three-dimensional a r ray .  The two-dimensional view i s  
cons t ruc ted  r e l a t i v e  t o  a viewing p o i n t  and a f o c a l  p o i n t  
s p e c i f i e d  by coordina te  po in t s  i n  t h e  d a t a  coordinate  
system. Data a r e  sca led  t o  t h e  viewer page s i z e  auto- 
m a t i c a l l y  by t h e  s p e c i f i c a t i o n  of t h e  viewing f i e l d  
diameter and t h e  viewing f i e l d  d is tance .  The coordinates  
of  t h e  viewing p o i n t  determine t h e  p o s i t i o n  from which 
t h e  d a t a  a r r a y  w i l l  be viewed and t h e  coordina te  values 
FIGURE I T Y P I C A L  THREE-VIEW FROM VAMP, 
of t h e  f o c a l  po in t  c o n t r o l  t h e  d i r e c t i o n  and focus. The 
s i z e  of t h e  p r o j e c t i o n  on t h e  viewing plane r e f l e c t s  t h e  
d i s t ance  between t h e  viewing p o i n t  and t h e  f o c a l  po in t ,  
Data which a r e  wi th in  t h e  cone of t h e  viewing plane but  
n o t  i n  t h e  immediate range of t h e  f o c a l  po in t  may be 
d i s t o r t e d .  Perspect ive  may be e l iminated  by spec i fy ing  
a  l a r g e  viewing f i e l d  d is tance .  A t y p i c a l  d e t a i l e d  ortho- 
graphic  p r o j e c t i o n  s f  a s h u t t l e  type  veh ic le  i s  presented 
i n  f i g u r e  2. 
The above explanat ion of t h e  perspect ive  p l o t s  a l s o  applies  
t o  t h e  s t e r e o  views. The use of t h e  s t e r e o  opt ion  causes 
t h e  program t o  be executed twice i n  s e t t i n g  up two p l o t s  
f o r  t h e  l e f t  and r i g h t  frames. These frames a r e  s u i t a b l e  












The VAMP i n p u t  d a t a  i s  organized by cases  a s  i l l u s t r a t e d  i n  
f i g u r e  3 .  Each case  c o n s i s t s  of  a  t i t l e  ca rd ,  conf igu ra t ion  
shape d a t a ,  b lack  box i n p u t  d a t a  and p l o t  da ta .  E i t h e r  o r  
both conf igu ra t ion  shape d a t a  and b lack  box d a t a  may be 
s p e c i f i e d .  P l o t  d a t a  i s  o p t i o n a l  and i t s  use depends on t h e  
va lues  of c e r t a i n  i n p u t  parameters .  I f  both conf igu ra t ion  
and b lack  box d a t a  a r e  s p e c i f i e d ,  t h e  b lack  box d a t a  fol lows 
t h e  shape da ta .  P l o t  d a t a  i s  always a t  t h e  end of t h e  i n p u t  
l i s t .  
Control  Cards 
The program case  d a t a  i s  preceded by t h e  c o n t r o l  cards  
r equ i red  t o  r e t r i e v e  t h e  VAMP program from permanent s tor - -  
age and execute  t h e  program. Figure  4 i l l u s t r a t e s  t h e  eon- 
t r o l  ca rds  t o  use  VAMP a t  Langley Research Center CLRC). 
Figure  4A i l l u s t r a t e s  execut ion  from a s t o r e d  machine 
language program. F igure  4B i l l u s t r a t e s  a  compile, load 
and execute  run from s t o r e d  source  code assuming program 
modi f i ca t ions  a r e  requi red .  F igure  4C i l l u s t r a t e s  t h e  use 
of  VAMP w i t h i n  t h e  O D I N  system. I n  t h e  O D I N  system VAMP 
i s  s t o r e d  i n  a b s o l u t e  b ina ry  form. 
The dashes on t h e  JOB,USER and REQUEST ca rds  i n d i c a t e  o t h e r  
in format ion  which t h e  use r  must supply i n  accordance wi th  
LRC computer complex accounting procedures.  Fu r the r ,  t h e  
wedge number (program s t o r a g e  l o c a t i o n )  i s  s u b j e c t  t o  ehamge, 
The l a t e s t  wedge number i s  a v a i l a b l e  from Langley (LRC) 
The u s e r  must supply t h e  es t imated  run t i m e  i n  CPU seconds, 
f i e l d  l e n g t h  f o r  t h e  job and O/S c a l l  count on t h e  J O B  card,  
Typica l  va lues  f o r  a  s i n g l e  case  a r e  t a b u l a t e d  below: 
CPU FIELD LENGTH O/S CALLS 
-
EXECUTE ABSOLUTE 
BINARY PROGRAM 20 
COMPILE, LOAD 
AND EXECUTE 40  
EXECUTE W I T H I N  
O D I N  SYSTEM 6 0  
The t a b u l a t e d  va lues  f o r  CPU and O/S c a l l s  es t imated  i n  t h e  
above t a b l e s  w i l l  vary wi th  t h e  complexity of  t h e  configura- 



















































































JOB,1,20,41000,500. - - - - 
USER. - - - 
FETCH,A3683,SPR ,BINARY, ,OVAMP2. 
OVAMP 2. 
- 
REQUEST,TAPE98,HI.CALTP,RIL, - - - 
REWIND,CALTPE,TAPE99. REQUIRED ONLY IF 
COPYBF,CALTPE,TAPE99. PLOTS ARE REQUESTED 
UNLOAD, TAPE99. 
7- 8- 9 
(VAMP CASE DATA) 
6-7-8-9 
FIGURE 4A EXECUTION OF STORED PROGRAM 
JOB,1,40,51000,800. - - - - 





REQUEST,TAPE98,HI. CALTP,RIL, - - - 
REWIND,CALTPE,TAPE99. REQUIRED ONLY IF 
COPYBF,CALTPE,TAPE99. PLOTS ARE REQUESTED 
UNLOAD, TAPE9 9. 
(MODS TO SOURCE PROGRAM, IF ANY) 
7-8-9 
(VAMP CASE DATA) 
6-7-8-9 
FIGURE 4B COMPILE, LOAD AND EXECUTE 
' EXECUTE I 
(VAMP CASE DATA) 
7-8-9 
'EXECUTE PLOTSV' REQUIRED ONLY IF 
7-8-9 PLOTS ARE REQUESTED 
FIGURE 4C EXECUTE VAMP WITHIN ODIN SIMULATION 
FIGURE 4 ILLUSTRATIONS OF CONTROL CARDS REQUIRED FOR VAMP. 
good r u l e  t o  fol low i s  t o  allow ample CPU and O/S calls on 
t h e  f i r s t  run, then use t h e  r e s u l t s  t o  estimate t h e s e  para- 
meters of f u t u r e  runs. 
General Input  Procedure 
A t y p i c a l  VAMP i n p u t  deck w i l l  c o n s i s t  of four  types  of input :  
1. T i t l e  ca rd  i n  f r e e - f i e l d  format. 
2. Surface model d a t a  ($SHAPE) i n  NAMELIST format. 
3 .  Black box i n p u t  d a t a  (SBLKBOX) i n  NAMELIST format. 
4. P l o t t i n g  information i n  f i x e d  f i e l d  format. 
These inpu t  s e t s  may be combined i n  var ious  ways depending 
upon t h e  i n p u t  parameters i n  $SHAPE and SBLKBOX i n p u t  s e t s .  
A l l  i n p u t  information,  inc luding  NAMELIST, must be placed 
i n  t h e  f i r s t  72 columns of t h e  inpu t  cards .  Columns 7 3  
through 80 a r e  reserved f o r  comments and i d e n t i f i e r s .  The 
purpose of t h i s  s e c t i o n  i s  t o  summarize t h e  i n p u t  d a t a  
requirements and desc r ibe  t h e  i n p u t  d a t a  flow log ic .  
T i t l e  Card - The t i t l e  card  i s  a s i n g l e  card  wi th  any d e s i r e d  
information i n  columns 1 through 72. The contents  of t h i s  
card  a r e  p r i n t e d  a t  t h e  top of  each page of ou tpu t  and on a l l  
p l o t s .  
$SHAPE Inpu t  S e t  - The $SHAPE i n p u t  d a t a  d e s c r i p t i o n  i n  
f i g u r e  5 con ta ins  t h e  corner-point  geometry of t h e  component 
e x t e r n a l  s u r f a c e s ,  t h e  elemental  s u r f a c e  th icknesses ,  t h e  
s u r f a c e  weight d i s t r i b u t i o n ,  e t c .  The conf igura t ion  is  
descr ibed by ordered sets of p o i n t s  on t h e  su r face  f o r  each 
component. Each component i s  subdivided i n t o  s e c t i o n s  f o r  
i n p u t  purposes. Any number of components may be descr ibed 
t o  t h e  program. A l l  of  t h i s  su r face  model d a t a  can be 
suppl ied  i n  t h e  $SHAPE i n p u t  l i s t  o r  some may be suppl ied  
by H a r r i s  type  i n p u t  ( r e fe rence  16)  o r  d i g i t i z e r  i n p u t  as 
descr ibed l a t e r .  A minimum of  - two $SHAPE i npu t  sets i s  
requi red  f o r  each segment. I f  any of t h e  a u x i l i a r y  d a t a  
opt ions ,  KXYZ, KRHOH o r  KSWT a r e  invoked they must be set 
i n  t h e  f i r s t  $SHAPE set and t h e  appropr ia t e  supplemental 
formatted d a t a  ca rds  must be placed between t h e  f i r s t  and 
second $SHAPE set. The second $SHAPE set normally te rminates  
t h e  i n p u t  f o r  one component of  t h e  conf igura t ion .  However, 
a d d i t i o n a l  $SHAPE s e t s  may be requ i red  i f  t h e  u s e r  dec ides  





CNVMS 32.175 (A) Fac tor  t o  conver t  weight t o  mass. 
H (40,251 1000*0. (D) Surface element thickness .  
KEEP (30) 30*0 (C) Sequence of  con ta in  p o i n t s  t o  be usedc 
i n  cons t ruc t ing  a component. 
KPLT 0 (A) Compute/plot c e n t r a l  i n d i c a t o r .  
KPLT = 0; computes mass p r o p e r t i e s  
and p 1 0 . t ~ .  
KPLT =-1; computes mass p r o p e r t i e s  only,  






0 (A) Density i n p u t  op t ion  i f  KRHOH = 1, 
RHO and H a r e  i n p u t  i n  10F7.0 format ,  
a f t e r  $SHAPE i n p u t  l ist .  
0 (A) Surface weight inpu t  op t ion  i f  KSWT. = 1, 
elemental  s u r f a c e  weights a r e  i n p u t  
i n  10F7.0 format a f t e r  $SHAPE inpu t  l ist .  
Wing i n p u t  op t ion  (10F7.0 format) 
KMG = 0; no wings. 
KWNG = 1; d e f i n e  upper and lower s u r f a c e ,  
KWNG = 2; d e f i n e  upper su r face  and 
mean camber. 
KWNG = 3; d e f i n e  both su r faces .  
0 (A, E ,  ) Corner p o i n t  geometry i n p u t  option. 
KWYZ = 0; d a t a  expected i n  $SHAPE l i s t .  
KXYZ = 1; d a t a  expected i n  10F7.0 format. 
KWYZ = 2; d a t a  f o r  c i r c u l a r  c r o s s  section4 
KXYZ = 3; d i g i t i z e r  input .  
0 (B) Contour c l o s u r e  opt ion.  
KYZRO = 0; program c l o s e s  contour t o  
x-y plane. 
KYZRO = 1; program s e t s  l a s t  y , z  va lue  
t o  t h e  f i r s t  y,z values.  
KYZRO = 2; l eaves  t h e  i n p u t  unchanged. 
LABEL (6) 0 (B) Label of 6 words f o r  each segment. 
NOSE 0 (B) Ind ica to r  i d e n t i f y i n g  a s i n g u l a r  s t a t i o n  
a t  t h e  nose (cons tant  y ,z  - va lues ) .  
NPTS 0 (A) Number of p o i n t s  on each s t a t i o n  contour 
(2<NPTS< - - 4 5 ) .  














XhTb?G (40 ,25)  
YhmG ( 4 0 )  





Number of segments o r  components f o r  
t h e  conf igura t ion .  
Number of s t a t i o n s  i n  t h e  c u r r e n t  seg- 
ment o r  component (2>NSTA>25). - - 
Reference l e n g t h  f o r  t h e  v e h i c l e  o r  
conf igura t ion .  
Elemental dens i ty .  
X-scale f a c t o r  f o r  geometric input .  
Y-scale f a c t o r  f o r  geometric input .  
Z-scale f a c t o r  f o r  geometric input .  
Elemental u n i t s  weights f o r  t h e  
su r face  components. 
X-position of body s t a t i o n  planes.  
Y-position of body s t a t i o n  planes.  
Z-position of body s t a t i o n s .  
X-offset  from system reference.  
Y-offset  from system reference.  
Z-offset  of system reference.  
X-position of wing s t a t i o n  planes.  
Y-position of wing sec t ions .  
Z-position of wing sec t ion .  
A, Reset before  each new case.  
B ,  R e s e t  before  each segment. 
C, There i s  a second $SHAPE s e t  requi red  f o r  every segment. 
KEEP may be inpu t  i n  t h i s  second s e t .  I f  KEEP i s  non-zero, 
t h e  program r e t u r n s  and reques t s  another  "second s e t . "  
KEEP i s  r e s e t  t o  zero p r i o r  t o  reading each second s e t ,  
D, Values can be i n d e f i n i t e  depending on t h e  loader  opt ion  
s e t .  I n d e f i n i t e  means t h e  i n i t i a l  value w i l l  be t h e  value 
i n  t h e  computer a f t e r  t h e  program i s  loaded o r  a f t e r  a 
change i n  over lays  during execution, 
E ,  The Y , Z  a r rays  generated when HXYZ = 2 ,  can be r e t a i n e d  
f o r  t h e  next segment by changing t o  KXYZ = 0 i n  t h e  next  
segment. 
FIGURE 5B INPUT L IST  (CONTINUED) I 
The arrangement of t h e  $SHAPE d a t a  i s  i l l u s t r a t e d  below: 
Optional formatted da ta  
Optional  rearrangement of s e c t i o n s  
SBLKBOX Input  S e t .  - The $BLKBOX i n p u t  conta ins  t h e  informa- 
t i o n  necessary t o  descr ibe  a u x i l i a r y  masses which cannot be 
described by geometric i n p u t  data .  Any number of black boxes 
may be descr ibed t o  t h e  program and they may be symmetrical 
o r  nonsymmetrical wi th  r e spec t  t o  t h e  conf igura t ion  center 
plane. Figure 6 b r i e f l y  desc r ibes  t h e  i n p u t  parameters i n  
t h e  SBLKBOX input .  
P l o t t i n g  Information. - Four CALCOMP p l o t  opt ions  a r e  avail- 
a b l e  i n  VAMP. 
Orthographics p ro jec t ion .  
2. Three views. 
3.  Prospect ives .  
4 .  S t e r e o  frames. 
Each of t h e  above opt ions  may be invoked by a s i n g l e  formatted 
i n p u t  t o  be descr ibed l a t e r .  The components p l o t t e d  a r e  those 
s p e c i f i e d  i n  t h e  $SHAPE i n p u t  s e t s  above. 
Input  Flow Logic 
Figure 7 shows t h e  i n p u t  flow l o g i c  f o r  t h e  program. Af te r  
i n i t i a l i z i n g  t h e  d a t a ,  VAMP reads  a t i t l e  card ,  then proceeds 
t o  read i n  t h e  su r face  model ( f i g u r e  7 ~ ) .  The f i r s t  $SHAPE 
d a t a  s e t  determines t h e  flow path  wi th in  t h e  VAMP program f o r  
t h e  component. I f  the  number of components (NSEG) i s  less 
than  one, program flow r e t u r n s  ( f i g u r e  7A) assuming t h e r e  i s  
no e x t e r n a l  geometric conf igura t ion  data .  I f  one o r  more 
segments a r e  t o  be i n p u t ,  t h e  a u x i l i a r y  d a t a  opt ion  parameter 
(KXYZ)  i s  t e s t e d .  Three a u x i l i a r y  d a t a  opt ions  can be invoked 
depending upon t h e  va lue  of KXYZ. 
1, Read Harr is- type i n p u t  (KxYZ = 1). 
2. Compute c i r c u l a r  c ross  s e c t i o n  (KXYZ = 2 ) .  
DEFAULT 
VALUE 
BXPLN (3 ,3 )  
CNTTMS 
I X X  
I Y Y  
I Z Z  
LABEL ( 6 ) 
NBX 
PMIP ( 3 , 3 )  
WTM 
9*0. ( C )  
32.174 (A)  
0. ( B )  
0. ( B )  
0. (B  
0.  ( B  
0 .  ( C )  
DESCRIPTION 
Coordinates of t h r e e  poin ts .  
Fac tor  t o  convert  weight t o  mass. 
Black box i n e r t i a  about load x-axis. 
Black box i n e r t i a  about load y-axis. 
Black box i n e r t i a  about load z-axis. 
Alphanumerical l a b e l  up t o  6 words. 
C,ontrols t ransformation of black 
box t o  reference  ax i s .  
NBX = 0 ;  no (more) black boxes. 
NBX = 1; transform i n e r t i a s  (PMIP) 
t o  re ference  system and 
accumulate. 
NBX = 2 ;  I f  black box has symmetrical 
counterpart .  
NBX =-I; Rotate i n e r t i a  bu t  no t  
t r a n s l a t e d .  
Black box moments and products of 
i n e r t i a .  
Black box weight o r  mass 
XO 0.  (A,D)  X-position of black box c.g. 
YO 0. (A ,D)  Y-position of black box c.g. 
ZO 0.  (A,D)  Z-posit ion of black box c.g. 
XOF 0.  (A)  X-of f se t  from t h e  system re fe rence  
a x i s .  
Y O F  0. (A) Y-offset  from t h e  system reference  
a x i s .  
ZOF 0.  (A) Z-offset  from t h e  system reference  
ax i s .  
A. Reset before each new case.  Thus, the  value i s  c a r r i e d  
forward from t h e  veh ic le  wa l l  computations. 
B, Reset before  each new black box. 
@. Reset before  each SBLKBOX s e t  i s  read. NBX must appear 
i n  every SBLKBOX s e t  except t h e  l a s t  one. 
D. Only t h e  second and t h i r d  columns of BXPLN a r e  r e s e t  
t o  zero. The f i r s t  column conta ins  XO,YO,ZO which 
r e t a i n  t h e i r  inpu t  values.  They a r e  not  changed by 
t h e  o f f s e t s  (XOF,  e t c .  
FIGURE fj $BLKBOX INPUT LIST, 
START 




F I G U R E  7A I N P U T  FLOW L O G I C ,  
REARRANGE 
E C T I O N  DATA 
SCALE X , Y , Z  
AND LAST P O I N T S  
PER KYZRO 
FIGURE 7B INPUT FLOW L O G I C ,  
3 .  D i g i t a l i z e d  d a t a  cards (KXYZ = 3 ) .  
The f i r s t  and t h i r d  opt ions  r e q u i r e  a d d i t i o n a l  inpu t  which 
automat ica l ly  over r ides  t h e  $SHAPE i n p u t  geometry. Density 
and th ickness  may a l s o  be read i n  t h e  a u x i l i a r y  d a t a  format 
depending on-the value of KRHOH. Surface weight da ta  may 
be read by t h e  a u x i l i a r y  d a t a  format by use of t h e  i n p u t  
parameter KSWT. The s tacking  of t h e  a u x i l i a r y  d a t a  descr ibed 
above can be determined from t h e  inpu t  flow l o g i c  ( f i g u r e  7 B ) ,  
I n  genera l ,  t h e  sequence i s :  
1. Auxi l ia ry  geometry da ta .  (KXYZ>O)  
2. Auxi l ia ry  dens i ty / th ickness  da ta .  (KRHOH>O) 
3. Auxil iary su r face  weight da ta .  (KSWT>O) 
I f  any of t h e  a u x i l i a r y  d a t a  opt ions  a r e  n o t  invoked, t h e  
d a t a  subse t  i s  simply omitted. 
A f t e r  a l l  a u x i l i a r y  d a t a  i s  read i n t o  t h e  program, a second 
$SHAPE inpu t  s e t  i s  read by t h e  program. The second s e t  pro- 
v ides  t h e  use r  t h e  opportuni ty t o  rear range  t h e  s e c t i o n s  of 
t h e  c u r r e n t  v e h i c l e  component. This i s  done through t h e  use 
of t h e  KEEP opt ion.  I f  t h e  KEEP opt ion  i s  invoked, t h e  
s e c t i o n s  a r e  rearranged according t o  t h e  sequence provided 
i n  t h e  KEEP a r r a y ,  then another  $SHAPE s e t  i s  read by the  
program. A f t e r  a l l  KEEP opt ions  a r e  s a t i s f i e d ,  t h e  program 
proceeds t o  add o f f s e t s  and s c a l e  t h e  corner-point geometry. 
Then t h e  da ta  i s  modified by t h e  c l o s u r e  op t ion ,  KYZRO. If 
t h e  KPLT opt ion  i s  invoked, t h e  d a t a  f o r  t h e  c u r r e n t  s e c t i o n  
i s  w r i t t e n  on an a u x i l i a r y  f i l e  f o r  l a t e r  use by t h e  p l o t  
subprogram. 
Af te r  completion of t h e  above sequence, t h e  program proceeds 
t o  check f o r  SBLKBOX da ta .  Any number of black boxes may be 
added through m u l t i p l e  SBLKBOX da ta  s e t s .  Af te r  a l l  black 
box d a t a  i s  read and accumulated with t h e  r e s t  of t h e  v e h i c l e  
mass property d a t a ,  t h e  program proceeds t o  t h e  p l o t  opt ion ,  
I f  p l o t  cards  a r e  p resen t ,  t h e  program p l o t s  t h e  information 
contained on t h e  a u x i l i a r y  p l o t  f i l e .  A f t e r  a l l  t h e  p l o t  
reques t  ca rds  a r e  s a t i s f i e d ,  t h e  program proceeds back t o  
t h e  i n i t i a l i z a t i o n  of t h e  d a t a  and a new case.  I f  no case  
d a t a  i s  p r e s e n t ,  t h e  program s tops .  
Configuration Shape Data 
The su r face  of t h e  conf igura t ion  being analyzed i s  descr ibed 
t o  t h e  program by ordered s e t s  of corner-point  geometry. 
Ciomponents can be sec t ioned f o r  i n p u t  purposes by one of t h e  
methods i l l u s t r a t e d  i n  f i g u r e  8. Body s t a t i o n s  (Y-Z p lane)  
o r  wing s t a t i o n s  (X-Z plane)  may be descr ibed depending upon 
t h e  value of t h e  KWNG parameter. I n  e i t h e r  case ,  t h e  pro- 
gram assumes symmetry about t h e  X-Y p lane  s o  t h a t  only one- 
ha l f  of t h e  conf igura t ion  geometry need t o  be input .  For 
t h e  body s t a t i o n s  t h e  r i g h t  ha l f  ( fac ing  a f t )  i s  input .  The 
r i g h t  wing a i r f o i l  s e c t i o n s  a r e  descrfbed t o  t h e  program. 
The mass p r o p e r t i e s  of t h e  su r face  a r e  suppl ied t o  t h e  pro- 
gram i n  elemental  form. The weights may be i n p u t  d i r e c t l y  
a s  elemental  su r face  weight con t r ibu t ions  o r  they may be 
i n p u t  a s  dens i ty  and th ickness  s p e c i f i c a t i o n s  of each su r face  
panel.  Elemental mass p r o p e r t i e s  may be s p e c i f i e d  i n  NAMELIST 
format o r  by formatted inpu t  cards  s i m i l a r  t o  geometric data .  
Fixed o f f s e t s  and geometric s c a l e  f a c t o r s  may a l s o  be suppl ied  
f o r  each component. 
Input  S p e c i f i c a t i o n s  f o r  t h e  $SHAPE Input  Set .  - The normal 
mode of i n p u t  i s  through t h e  $SHAPE inpu t  l i s t  which inc ludes  
t h e  i n p u t  parameters f o r  many of t h e  program opt ions.  A l l  
geometric and mass p r o p e r t i e s  d a t a  may be s p e c i f i e d  through 
t h i s  mode of input .  No a u x i l i a r y  d a t a  read i s  e s s e n t i a l  t o  
the opera t ion  of t h e  program. 
The use of NAMELIST i n p u t  was chosen f o r  t h e  following reasons: 
1, I t  i s  a  simple name o r i en ted  inpu t  e a s i l y  understood 
by most computer users .  
2 ,  The format i s  s tandard  and does n o t  r e q u i r e  re learn-  
ing from program t o  program. 
3 ,  I t  i s  e a s i l y  modified by t h e  engineer  o r  programmer 
when adding i n p u t  v a r i a b l e s  t o  t h e  program. 
When a  NAMELIST read i s  encountered i n  t h e  program, the  
e n t i r e  i n p u t  f i l e  i s  scanned up t o  an end-of-f i le  o r  a  
record wi th  a  d o l l a r  i n  column 2 followed immediately by 
t h e  NAMELIST name requested by t h e  programs. Suceeding d a t a  
items a r e  read u n t i l  a  second d o l l a r  i s  encountered s ign i fy -  
ing  t h e  end of t h e  NAMELIST. Any d a t a  on t h e  i n p u t  f i l e  
b~efoxe t h e  requested NAMELIST i s  found w i l l  be ignored. A l l  
d a t a  between t h e  opening and c los ing  d o l l a r  i s  i n t e r p r e t e d  
by t h e  NAMELIST i n p u t  rout ine .  The d a t a  i t e m  wi th in  t h e  
NMELIST s ta tement  may be i n  any of t h r e e  forms: 
X-BODY STATION (KWNG = 0) 
YWNG-WING STATION ( M G  ' O) 
FIGURE8 INPUTGEOMETRYOPTIONS. 
V i s  a  v a r i a ~ ~ e  name; C i s  a  c o n s t a n t ;  A i s  an  a r r a y  name 
and n  i s  an i n t e g e r  c o n s t a n t  s u b s c r i p t ,  D1,;-dIrn. are s imple  
c o n s t a n t s  o r  r epea t ed  c o n s t a n t s  of t h e  form k*C,  where k i s  
t h e  r e p e t i t i o n  f a c t o r .  D a t a  i t ems  and c o n s t a n t s  must be  
s e p a r a t e d  by commas. The number o f  c o n s t a n t s ,  i nc lud ing  
r e p e t i t i o n s  g iven  f o r  an  u n s c r i p t e d  a r r a y  must equa l  t h e  
n m b e r  o f  e lements  i n  t h a t  a r r a y .  For a  s u b s c r i p t e d  a r r a y  
name, t h e  number of c o n s t a n t s  need n o t  be equa l  b u t  may n o t  
exceed t h e  number of a r r a y  e lements  needed t o  f i l l  t h e  a r r a y .  
More t h a n  one ca rd  may be used f o r  i n p u t  d a t a  and a r r a y s  may 
be s p l i t  between cards .  A l l  excep t  t h e  l a s t  r eco rd  must end 
w i t h  a  c o n s t a n t  fol lowed by a  comma and no sequence numbers 
may appear .  The f i r s t  column of each  r eco rd  i s  ignored .  
The se t  of  d a t a  i t e m s  may c o n s i s t  of any s u b s e t  o f  t h e  var-  
i a b l e  names a s s o c i a t e d  w i t h  t h e  NANELIST name and t h e  name 
need n o t  be  any p a r t i c u l a r  o rde r .  More d e t a i l s  on t h e  u se  
of NWELIST a r e  a v a i l a b l e  i n  any FORTRAN u s e r s  gu ide ,  b u t  
t h e  above d e s c r i p t i o n  should be s u f f i c i e n t  f o r  t h e  o p e r a t i o n  
of t h e  VAMP program. 
The fo l lowing  paragraphs  prov ide  d e t a i l e d  d e s c r i p t i o n s  of  
each v a r i a b l e  name i n  t h e  $SHAPE i n p u t  l i s t  i n  a l p h a b e t i c a l  
o r d e r ,  The d e s c r i p t i v e  m a t e r i a l  r e p r e s e n t s  an  expansion of  
t h e  abb rev ia t ed  d e s c r i p t i o n  giveil  i n  f i g u r e  5. 
CNVMS: F a c t o r  t o  conve r t  weight  u n i t s  i n t b  mass u n i t s .  Th i s  
i n p u t  parameter  a f f e c t s  on ly  t h e  moment and produc t  o f  i n e r t i a  
calculations. The t o t a l  weight  remains i n  i n p u t  u n i t s .  The 
weight  e lements  e n t e r e d  i n t o  an  i n e r t i a  c a l c u l a t i o n  are 
d iv ided  by CNVMS f o r  convers ion  t o  mass. The i n i t i a l i z a t i o n  
of CNmS i s  p r e s e t  t o  32,1741b/slug. 
H ( 4 0 , 2 5 ) :  Thickness of t h e  q u a d r i l a t e r a l  s u r f a c e  elements.  
rn s t h e  t h i c k n e s s  of  an element de f ined  by f o u r  p o i n t s  
s t a r t i n g  a t  t h e  geomet r ic  p o i n t  ( I ,J)  and ex tending  one 
p o i n t  beyond i n  each  d i r e c t i o n .  I t  w i l l  r e q u i r e  change on ly  
i f  u n i t s  of mass o t h e r  t h a n  Engl i sh  u n i t s  a r e  used. Any 
q u a d r i l a t e r a l  t h a t  has  H<O.O i s  d e l e t e d  from t h e  s u r f a c e  a r e a  
and mass p r o p e r t i e s  c a l c u l a t i o n s ,  b u t  t h e  volume c o n t r i b u t i o n  
i s  accumulated f o r  a l l  elements.  However, t h e r e  must be a t  
l e a s t  one non-zero t h i c k n e s s  between every  s t a t i o n  i f :mass  
p r o p e r t i e s  a r e  t o  be computed. 
KEEP ( p o i n t )  : An a r r a y  of i n t e g e r s  def in ing  a  new sequence 
of previous ly  def ined contour p o i n t s  a t  a l l  s t a t i o n s  of a 
component or-segment. cons ider  a  component def ined by a 
f i r s t  $SHAPE set o r  a u x i l i a r y  geometric i n p u t  cards  which 
has eleven contour p o i n t s  per  s t a t i o n .  Assume t h a t  i t  i s  
d e s i r e d  t o  d e l e t e  p o i n t  8 from t h e  contour ,  add a  new contour 
p o i n t  between 2 and 3 ,  and d u p l i c a t e  contour p o i n t  5 i n  
o r d e r  t o  i n p u t  a skep change i n  t h e  su r face  weight a t  t h e  
p o s i t i o n  of contour p o i n t  5. The second $SHAPE s e t  f o r  the  
component would contain:  
NPTS = 1 2 ,  KEEP = 1,2,2,3,4,5,5,6,7,9,10,11, 
The program would c o n s t r u c t  new s e c t i o n  d a t a  a t  a l l  s t a t i o n s  
such t h a t  each new s t a t i o n  contour would con ta in  t h e  da ta  
from t h e  o r i g i n a l  contours  taken from t h e  contour l o c a t i o n s  
s p e c i f i e d  by KEEP. The new s t a t i o n  3 may be replaced through 
use of another  $SHAPE i n p u t  s e t .  
New contour d a t a  and subsequent c o r r e c t i o n s  must correspond 
t o  t h e  r ev i sed  p o i n t  numbering. The opera t ion  of KEEP i s  
bypassed i f  t h e r e  i s  no KEEP i n p u t  (KEEP (1) = 0 )  and w i l l  
be ignored i f  it i s  i n p u t  with t h e  f i r s t  $SHAPE s e t .  Caution: 
The program does n o t  rear range  RHO, H o r  SURFWT. I t  i s  l e f t  
t o  t h e  u s e r  t o  ensure t h a t  t h e s e  i n p u t s  correspond t o  t h e  
f i n a l  numbering system inc luding  changes t o  NSTA. 
KPLT: I n t e g e r  which c o n t r o l s  t h e  mass c a l c u l a t i o n  and con- 
f i g u r a t i o n  p l o t t i n g .  
I f  KPLT = 0 ,  t h e  program computes t h e  mass p r o p e r t i e s  
and p l o t s  t h e  conf igura t ion .  
I f  KPLT =+1, t h e  program p l o t s  t h e  veh ic le  bu t  sk ips  t h e  
mass p r o p e r t i e s  c a l c u l a t i n g ,  
I f  KPLT =-I, t h e  program computes t h e  mass p r o p e r t i e s ,  
bu t  s k i p s  p l o t t i n g .  
KPLT does not  have t o  be g iven  t h e  same value f o r  a l l  segments 
b u t  can be v a r i e d  t o  s k i p  p l o t t i n g  o r  mass c a l c u l a t i o n s  of 
some segments, e t c .  The program automat ica l ly  accounts f o r  
er of segments t h a t  a r e  t o  be p l o t t e d .  The p l o t t e d  
segments do n o t  have t o  be continuous. 
KRHOH: I n t e g e r  which c o n t r o l s  t h e  a u x i l i a r y  reading of 
e lemental  dens i ty  o r  th ickness .  I f  KRHOH < 1, t h i s  opt ion  
i s  skipped, Otherwise, RHO and H i n p u t  f o r  t h e  c u r r e n t  seg- 
ment a r e  expected on formatted cards.  The card  format i s  
l0F7.0 ( 1 0  numbers p e r  card;  each number can be 7 columns 
wide).  H r e f e r s  t o  su r face  elements between t h e  g r i d  poin ts .  
Therefore,  t h e  cards  conta in  i n  order :  
1, NPTS-1 va lues  of RHO f o r  t h e  q u a d r i l a t e r a l s  between 
s t a t i o n s  1 and 2. 
2. NPTS-1 va lues  of H f o r  t h e  same q u a d r i l a t e r a l s .  
3 .  NSTA-1 r e p e t i t i o u s  of 1 and 2 f o r  t h e  q u a d r i l a t e r a l s  
between subsequent s t a t i o n s .  
Values f o r  H cannot occupy t h e  same cards  a s  RHO and v i c e  
ve r sa -  (See Auxi l i a ry  ~ e n s i t y / T h i c k n e s s  Input . )  
KSW: In tege r  which c o n t r o l s  t h e  a u x i l i a r y  reading of  sur-  
f a c e  element weights. I f  KWST < 1, t h i s  opt ion  i s  skipped. 
Otherwise, su r face  weight d i s t r i b u t i o n  (SURFWT) f o r  t h e  
c u r r e n t  segment i s  expected on formatted cards.  The format 
i s  IOF7.0 ( 1 0  numbers p e r  card;  each number can be up t o  1 
column wide) .  The formatted cards  con ta in  i n  order:  
1. NPTS va lues  of SURFWT f o r  t h e  f i r s t  s t a t i o n  contour.  
2. NSTA r e p e t i t i o u s  of 1 f o r  subsequent s t a t i o n .  
Values of two s t a t i o n s  cannot occupy t h e  same card ,  
K W G :  An i n t e g e r  which c o n t r o l s  t h e  s p e c i f i c a t i o n  of wing 
geometry. I t  i s  used i n  conjunct ion wi th  t h e  KXYZ op t ion  
descr ibed below: 
I f  KWNG = 0, t h e  geometry i n  i n p u t  i n  body s t a t i o n  
coordina tes  i n  accordance wi th  t h e  KXYZ 
opt ions .  
I f  KWNG = 1, t h e  upper and lower su r face  geometry a r e  
s p e c i f i e d  i n  p a i r s  from t h e  leading  edge. 
The program conver ts  t h e  i n p u t  d a t a  
f o r  t h e  p a i r  t o  a s i n g l e  s t a t i o n .  
UT DIRECTION 
INPUT DIRECT.ION 
If KWNG = 2 ,  The upper su r face  and t h e  mean l i n e  a r e  
s p e c i f i e d  with r e s p e c t  t o  t h e  leading 
edge i n  p a i r s .  The program computes t h e  
t h e  lower su r face  geometry and rep laces  
t h e  mean l i n e  i n p u t  then converts  t o  a 
s i n g l e  s t a t i o n .  
I f  G = 3 ,  t h e  upper and lower su r face  a r e  s p e c i f i e d  
i n  a s i n g l e  sequence of contour p o i n t s ,  
Figure 9 summarizes t h e  wing i n p u t  opt ions  a v a i l a b l e  by 
cornering i n p u t  va lues  of KWNG and KXYZ. 
KXYZ: I n t e g e r  which c o n t r o l s  t h e  a u x i l i a r y  reading of sur- 
-f a c e  geometry d a t a  f o r  both wing and body s t a t i o n s .  The 
following d i scuss ion  p e r t a i n s  t o  inpu t  of body s t a t i o n  contour 
A d i scuss ion  of wing s t a t i o n  contours i s  given under t h e  he 
heading KNWG. 
I f  KXYZ < 1, A l l  geometry d a t a  i s  expected i n  t h e  
$SHAPE input .  There a r e  t h r e e  a u x i l i a r y  
da ta  read opt ions  invoked by KXYZ = 1, 2 
o r  3 r e spec t ive ly .  
I f  KXYZ = 1, contour inpu t s  f o r  t h e  c u r r e n t  segment 
a r e  expected on formatted cards.  The fo r -  
mat i s  10F7.0 ( 1 0  numbers p e r  card;  up to 
7 columns pe r  number i s  al lowed).  The 
formatted cards  conta in  i n  order:  
1. NSTA values  of X f o r  t h e  complete component. 
2. NPTS values  of Y f o r  t h e  f i r s t  s t a t i o n  contour ,  
3. NPTS values  of Z f o r  t h e  f i r s t  s t a t i o n  contour ,  
4. NSTA r e p e t i t i o u s  of 2 and 3 f o r  subsequent s t a t i o n s .  
Values f o r  d i f f e r e n t  names cannot occupy t h e  same ca-rd, 
I f  KXYZ = 2 ,  t h e  program genera tes  contour p o i n t s  for 
a c i r c u l a r  c r o s s  s e c t i o n  from i n p u t  values 
of r ad ius  and v e r t i c a l  o f f s e t .  
The contour p o i n t s  a r e  spread i n  even angular  increments 
between t h e  lower c e n t e r  p lane  and t h e  upper c e n t e r  plane of 
the  body. The number of generated p o i n t s  i s  s p e c i f i e d  by t h e  
u s e r  (NPTS). Let  I = p o i n t  number on contour and J = s t a t i o n  






Input  upper and lower su r face  (one s t a t i o n  
f o r  each) from loading edge i n  $SHAPE 
ZWNG = F(XWNG). XWNG must be even increments. 
Input  upper su r face  and mean l i n e  (one s t a t i o n  
f o r  each) . ZWNG = F (XWNG) f o r  a l l  YWNG. 
XWNG must be even increments. 
Input  upper and lower su r face  a s  a s i n g l e  
s t a t i o n .  ZWING = F (XWNG) f o r  s e v e r a l  
values of YWING. 
Input  wing o r d i n a t e s  i n  percent  chord. 
Input  leading  edge coordina tes  and chord length.  
Input  camber l i n e  i n  percent  chord. 
Input  upper su r face  th icknesses  i n  pe rcen t  chord. 
Input  lower su r face  i n  pe rcen t  chord. 
Input  wing o r d i n a t e s  i n  percent  chord. 
Input  leading  edge coordina tes  and chord length.  
Input  camber l i n e  i n  pe rcen t  chord. 
Input  ha l f  th icknesses  i n  percent  chord. 
Input  wing o r d i n a t e s  i n  pe rcen t  chord. 
Input  leading edge coordina tes  and chord length.  
Input  upper su r face  i n  percent  chord, 
Input  lower su r face  i n  percent  chord. 
Input  wing o rd ina tes  i n  percent  chord. 
Input  leading edge coordinates  and chord length.  
Input  ha l f  th icknesses  i n  percent  chord. 
INPUT REQUI REMENTS FOR W I N G  GEOMETRY, 
f i r s t  row of Y and t h e  c e n t e r l i n e  o f f s e t  from the  X a x i s  
i s  inpu t  t o  t h e  f i r s t  row of Z.  Note t h a t  t h i s  i s  now, no t  
column. The inpu t  va lues  a r e  replaced a t  execut ion t ime by 
t h e  appropr ia te  contour po in t  da ta .  
I f  KXYZ > 3, contour p o i n t s  f o r  t h e  c u r r e n t  segment a r e  
- 
expected on formatted cards  prepared by a 
d i g i t i z e r  which provides coordina tes  of 
p o i n t s  (DCP) d i r e c t l y  from drawings. 
The d i g i t i z e r  senses  d i s c r e t e  p o s i t i o n s  of a " reader"  placed 
on a drawing. Thus, t h e  d i g i t i z e r  cards  conta in  coordina tes  
of p o i n t s  around t h e  s t a t i o n  contours  i n  u n i t s  corresponding 
t o  t h e  d i g i t i z e r  sca le .  Addit ional  da ta  i s  needed t o  t rans-  
form t h e  card i n p u t  i n t o  t r u e  u n i t s  and c o r r e c t  f o r  t h e  
angular  p o s i t i o n  of the  Y , Z  axes r e l a t i v e  t o  t h e  d i g i t i z e r  
axes. The cards  must conta in  i n  order:  
1. True d i s t a n c e  between two p o i n t s  and t h e  DCP of t h e  
po in t s  on t h e  y and z axes. Format (F8.3,4F4,0) 
2. True X coordina te  of t h e  f i r s t  s t a t i o n  contour ,  DCP 
of t h e  Y = Z = 0 p o i n t  on t h e  drawing, DCP of an 
a r b i t r a ~ y  p o i n t  on t h e  +Y a x i s ,  DCP of s e l e c t e d  
p o i n t s  along t h e  contour. Format (F8.3,16F4.0) , 
3. I f  NPTS > 6 ,  t h e  DCP of t h e  remaining p o i n t s  fol lows 
on success ive  cards.  Format (18F4.0) . 
4. NSTA r e p e t i t i o n s  of 2 and 3 f o r  subsequent s t a t i o n s ,  
Values f o r  d i f f e r e n t  s t a t i o n s  cannot occupy t h e  same card,  
Values can s t a r t  i n  column 1. Note t h a t  each DCP i s  two 4- 
d i g i t  values.  (See D i g i t i z e r  Data Spec i f i ca t ions )  
KUZRO: I n t e g e r  c o n t r o l l i n g  t h e  c losure  of a sect ion,  contour,  
Normally, t h e  contour i s  expected t o  meet i t s  s 
coun te rpa r t  on t h e  Z a x i s  bu t  t h e  i n p u t  d a t a  may not, have 
Y = 0.0 exac t ly  a t  t h e s e  two po in t s .  I f  KYZRO = 0, t h e  pra- 
gram sets t h e  f i r s t  and l a s t  value of Y a t  each s t a t i o n  = 0,0, 
I f  t h e  c r o s s  s e c t i o n  i s  a c losed  contour t h a t  does n o t  c r o s s  
t h e  Z axis, KYZRO = 1, w i l l  s e t  t h e  l a s t  contour po in t  equal  
t o  t h e  f i r s t  contour poin t .  KYZRO = 2 leaves  t h e  inpu t  
unchanged. The KYZRO c o n t r o l  i s  evoked a f t e r  t h e  i n p u t  i s  
sca led ,  (See f i g u r e  5)  
LABEL (word): An alphameric l a b e l  i n p u t  f o r  each segment 
(and each black box) ,  I t  can be up t o  60 c h a r a c t e r s  long, 
inpu t  wi th  a h o l l e r i t h  c h a r a c t e r  count ,  nH. A long h o l l e r i t h  
s t r i n g  cannot be continued on a second ca rd ,  bu t  can be i n p u t  
i n  mul t ip le  of 10 cha rac te r  e.g.: 
LABEL (1) = 20H THIS  IS  A SAMPLE BLA, 
LAEE:L (3 )  = 1 2 H  CK BOX LABEL, 
Mote t h a t  blank spaces a r e  included i n  t h e  h o l l e r i t h  count. 
NOSE: An i n t e g e r  which i d e n t i f i e s  t h e  f i r s t  s t a t i o n  a s  a  
s i n g u l a r  s t a t i o n  ( i . e .  a l l  contour p o i n t s  have t h e  same va lue ) ,  
NPTS: The number of p o i n t s  def ined around each s t a t i o n  con- 
t o u r  i n  t h e  c u r r e n t  segment: '2 - < NPTS - < 45. 
NSEG: The number of components o r  segments i n  a  complete 
ease.  It must be suppl ied i n  t h e  f i r s t  $SHAPE s e t  of a  case. 
I f  NSEG = 0 ,  t h e  program sk ips  t o  processing black boxes. 
NSTA: The number of s t a t i o n  planes i n  t h e  c u r r e n t  segment: 
2 < NSTA < 25. 
- - 
WLNTH: The re fe rence  length  of t h e  vehic le .  I t  i s  used t o  
compute t h e  percent  l o c a t i o n  of t h e  c e n t e r  of g r a v i t y  c.g. 
and c e n t e r  of volume C.V. The o r i g i n  f o r  t h e  reference  
Length and percent  c a l c u l a t i o n  i s  taken t o  be t h e  X-coordinate 
of t h e  f i r s t  s t a t i o n  i n  t h e  f i r s t  segment. I f  t h e  p r e s e t  
value --100.0--is used, t h e  percentages become a x i a l  d i s t a n c e  
f r o m  t h i s  o r i g i n .  
RHO (48 ,25 ) :  Density of t h e  q u a d r i l a t e r a l  s u r f a c e  elements. 
RHO(I,J-) i s  t h e  dens i ty  of an element def ined by four  p o i n t s  
s t a r t i n g  a t  t h e  geometric p o i n t  ( X . J . )  and extending one 
po in t  beyond i n  each d i r e c t i o n .  
SCLX: Sca le  f a c t o r  app l i ed  t o  a l l  t h e  X-coordinates f o r  t h e  
c u r r e n t  component. I t  can be used f o r  u n i t s  conversion a s  
we l l  as f o r  changing t h e  v e h i c l e  s i z e .  SCLX opera tes  on t h e  
input d a t a  a f t e r  t h e  l a s t  $SHAPE set f o r  a  segment has been 
read,  (See f i g u r e  7B) 
SCLY and SCLZ: Sca le  f a c t o r s  appl ied  t o  a l l  Y and Z coordina tes  
r e spec t ive ly .  
SURPWT (40,25):  Weight pe r  u n i t  a r e a  d i s t r i b u t i o n  of t h e  
- 
su r face  of t h e  conf igura t ion .  SURFWT i s  i n p u t  a t  every g r i d  
po in t ,  I ts con t r ibu t ion  t o  each su r face  i s  obtained by l i n e a r  
i n t e r p o l a t i o n  t o  determine t h e  mean su r face  u n i t  weight a t  
t h e  cen t ro id  of t h e  su r face  element. 
X ( 2 5 ) :  The a x i a l  coordina tes  of t h e  s t a t i o n  planes wi th in  
-- 
a segment. 
Y(40,25): The h o r i z o n t a l  coordina tes  of g r i d  p o i n t s  around 
each body s t a t i o n  contour. Each column i n  t h i s  a r r a y  eon- 
t a i n s  t h e  Y coordina tes  f o r  a l l  p o i n t s  a t  one s t a t i o n .  Up 
t o  40 contour p o i n t s  p e r  s t a t i o n  may be used. Up t o  25 
s t a t i o n s  pe r  component may be spec i f i ed .  
2 (40,25) : Simi la r  t o  Y (above) , Z i s  t h e  v e r t i c a l  coordina te  
of g r i d  p o i n t s  and can be negat ive.  
XOF: O f f s e t  from t h e  system re fe rences  axes t o  t h e  o r i g i n  
-
of t h e  X-values t h a t  a r e  input .  XOF i s  added t o  every va lue  
of X a f t e r  s c a l i n g  ( see  SCLX), The r e s u l t  rep laces  t h e  X 
a r ray .  
YOF and %OF : S i m i l a r  t o  XOF (above) , They a r e  added t o  
t h e  Y and Z i n p u t s ,  r e spec t ive ly .  
XWNG(40,25): Chordwise coordina tes  of t h e  g r i d  p o i n t s  around 
each wing-stat ion contour. Each column i n  t h i s  a r r a y  eon- 
t a i n s  t h e  X-coordinates f o r  a l l  po in t s  a t  one s t a t i o n .  Up 
t o  40 contour p o i n t s  p e r  s t a t i o n  may be used. Up t o  25 
s t a t i o n s  pe r  component may be spec i f i ed .  A s t a t i o n  may con- 
s ist  of a complete wing s e c t i o n  o r  only one-half (upper 
sur face)  and a camber l i n e  may be included ( see  KWNG i n p u t ) ,  
YWG (40) : Spanwise p o s i t i o n s  of t h e  wing contours.  
ZWNG(40,25): V e r t i c a l  coordina tes  of t h e  g r i d  p o i n t s  around 
each wing-station contour corresponding t o  t h e  XWNG i n p u t  
above, 
Auxi l ia ry  Geometry Input.  - The program provides f o r  
a u x i l i a r y  geometry i n p u t  following t h e  f i r s t  $SHAPE inpu t  
set  f o r  each component. This  geometry i n p u t  i s  b a s i c a l l y  
compatible with t h e  geometry i n p u t  scheme of re ference  16 
(Har r i s  i n p u t ) .  Only two of t h e  Har r i s  i n p u t  opt ions a r e  
a v a i l a b l e  i n  VAMP, t h e  fuse lage  i n p u t  and wing input .  A l l  
d a t a  i s  placed i n  the  i n p u t  cards  i n  10F7.0 format (10 va lues  
pe r  c a r d  and 7 column pe r  i n p u t  v a l u e ) .  Each new subse t  of 
d a t a  (coordina te  p o i n t s )  must begin wi th  a new card. 
Fuselage Data Cards: I f  t h e  fuse lage  i s  c i r c u l a r  and cam- 
bered, no a u x i l i a r y  d a t a  cards  need be suppl ied.  The rad ius  
and camber d a t a  a r e  suppl ied i n  t h e  $SHAPE i n p u t  s e t ,  
I f  t h e  fuse lage  i s  of a r b i t r a r y  shape, t h e  y coordina tes  
f o r  a ha l f  s e c t i o n  a r e  given (NPTS values)  a s  Y (I.J.) where 
J i s  t h e  s t a t i o n  number. Following t h e s e  a r e  t h e  corresponding 
2, ord ina tes  (NPTS va lues )  f o r  t h e  ha l f  s e c t i o n  a s  Z (1-J. 
where J i s  t h e  s t a t i o n  number. Each s t a t i o n  w i l l  have a  
s e t  of Y and Z cards  and t h e  convention of ordering t h e  
o r d i n a t e s  from bottom t o  top  i s  observed, 
For each fuse lage  segment a  new $SHAPE d a t a  s e t  i s  requi red ,  
I f  t h e  a u x i l i a r y  Har r i s  i n p u t  i s  s p e c i f i e d ,  a  s e t  of cards  
ais descr ibed above must be provided. The segment d e s c r i p t i o n s  
should be given i n  o rde r  of inc reas ing  X.  
Wing Data Cards: The f i r s t  wing d a t a  card  ( o r  cards)  con- 
- 
t a i n  t h e  percent-chord l o c a t i o n s  a t  which t h e  o rd ina tes  of 
a . l l  t h e  wing a i r f o i l s  a r e  t o  be s p e c i f i e d .  There w i l l  be 
exac t ly  NPTS percent-chord l o c a t i o n s  given. (See G Input )  
The next  wing da ta  cards  ( t h e r e  w i l l  be NSTA ca rds )  each con- 
t a i n  four  numbers which g ive  t h e  o r i g i n  and chord length  of  
each of t h e  wing a i r f o i l s  t h a t  i s  t o  be spec i f i ed .  The cards  
represent ing  t h e  most inboard a i r f o i l  a r e  given f i r s t ,  followed 
by t h e  cards  f o r  successive a i r f o i l s .  The information i s  
axranged on each card a s  fol lows:  
~ o l u m n s  Descr ip t ion  
1- 7 x-ordinate  of t h e  a i r f o i l  lead.ing edge 
8- 114 y-ordinate  of t h e  a i r f o i l  leading edge 
15-21 z-ordinate  of t h e  a i r f o i l  leading edge 
22-28 t h e  a i r f o i l  streamwise chord length  
I f  a  cambered wing has been s p e c i f i e d ,  (KXYZ = l ) ,  t h e  next  
s e t  s f  wing d a t a  cards  i s  t h e  mean camber l i n e  cards.  The 
f i r s t  card  conta ins  up t o  1 0  AZ values ,  referenced t o  t h e  
Z-ordinate of t h e  a i r f o i l  l e a  , a t  each of t h e  s p e c i f i e d  
percent  of chord l o c a t i o n s  f o r  t h e  f i r s t  a i r f o i l .  I f  more 
than  10 va lues  a r e  t o  be s p e c i f i e d  f o r  each a i r f o i l ,  t h e r e  
w i l l  be NPTS va lues ,  t h e  remaining va lues  a r e  continued on 
suecessi-ve cards.  The remaining a i r f o i l s  a r e  descr ibed  i n  
t h e  same manner, d a t a  f o r  each a i r f o i l  s t a r t i n g  on a  new card ,  
and t h e  cards  arranged i n  t h e  order  which begins wi th  t h e  
most inboard a i r f o i l  and proceeds t o  t h e  outboard. 
Next a r e  t h e  wing a i r f o i l  o rd ina te  cards.  The f i r s t  card  con- 
t a i n s  up t o  1 0  ha l f - th ickness  ( G = 2 )  o r d i n a t e s  of t h e  
f i r s t  a i r f o i l  expressed a s  a  
I f  more than  10 o r d i n a t e s  a r e  r f o i l  
( t h e r e  w i l l  be NPTS va lues )  t h e  remaining o r d i n a t e s  a r e  
continued on successive cards.  The remaining a i r f o i l s  a r e  
each descr ibed i n  t h e  same manner, and t h e  cards a r e  arranged 
i n  t h e  order  which begins with t h e  most inboard a i r f o i l  and 
proceeds t o  t h e  outboard. 
I f  KWNG = 1, t h e  above s e t  of d a t a  cards conta in  t h e  upper 
su r face  d a t a  i n  precent  chord l o c a t i o n  followed by another  
subse t  of d a t a  containing t h e  lower su r face  da ta  i n  percent  
chord loca t ions .  (See f i g u r e  9)  
D i g i t i z e r  Data Spec i f i ca t ion :  Fuselage d a t a  may be s p e c i f i e d  
t o  t h e  VAMP program through use of da ta  d i g i t i z e r  output.  
The d i g i t i z e r  d a t a  opt ion  i s  invoked by spec i fy ing  KXYZ = 3 
i n  t h e  $SHAPE inpu t  s e t  f o r  t h e  c u r r e n t  sec t ion .  A da ta  
d i g i t i z e r  i s  a  device which conver ts  g raph ica l  information 
i n t o  d i g i t a l  da ta ,  I t  measures t h e  r e l a t i v e  d i s t ance  among 
p o i n t s  on a  conf igura t ion  drawing, formats t h e  da ta  and 
records it on an output  recorder .  When coupled with a key- 
punch machine, t h e  d i g i t i z e r  provides coordina te  d a t a  on 
punched cards i n  F4.0 format. The d a t a  recorded i s  s u i t a b l e  
f o r  computer processing. The program accepts  d i g i t i z e d  
d a t a  (KXYZ = 3 )  and converts  it f o r  use i n  computing mass 
p r o p e r t i e s  of su r face  elements. 
The da ta  d i g i t i z e r  i s  usual ly  suppl ied  wi th  a  coordina te  
d i g i t i z i n g  t a b l e  upon which t h e  use r  p laces  t h e  drawing of 
t h e  conf igura t ion  under study. The following procedure i s  
employed i n  genera t ing  d i g i t i z e d  geometry inpu t  da ta  f o r  
t h e  VAMP program. 
1. Turn on t h e  power switch. I f  an absolu te  zero i s  
no t  provided on t h e  d a t a  d i g i t i z e r ,  move t h e  curser  
t o  a  convenient p o i n t  i n  t h e  lower l e f t  po r t ion  of 
t h e  d i g i t i z e r  t a b l e .  Reset t h e  x and y t o  zero,  
2.  Turn on t h e  keypunch machine, s e t  autofeed t o  on 
and feed  two cards  down. Depress f o o t  p e t a l  t o  
t e s t  d i g i t i z e r .  Remove t h e  t e s t  card from t h e  
keypunch machine. 
3.  Generate a  c a l a b r a t i o n  card.  This i s  done by hand 
punching a  number represent ing  a  convenient measure 
i n  F8.0 format on t h e  f i r s t  card  a s  i l l u s t r a t e d  i n  
f i g u r e  1 0 .  Then d i g i t i z e  two p o i n t s  represent ing  
t h a t  l eng th  (measure) on t h e  drawing. 
4. On a  new card ,  hand punch t h e  x-value of t h e  f i r s t  
s t a t i o n  i n  F8.3 format. Now proceed t o  d i g i t i z e  

t h e  contour p o i n t s  i n  a  counter  clockwise manner 
a s  i l l u s t r a t e d  i n  f i g u r e  8. I f  more than e i g h t  
p o i n t s  a r e  needed, t h e  da ta  w i l l  be punched on 
a d d i t i o n a l  cards.  
5. Repeat n  e r  4 above f o r  each s t a t i o n .  
Figure 10 provides an i l l u s t r a t i o n  of a  d a t a  deck d i g i t i z e d  
from a fuse lage  s t a t i o n .  ~ i g i t i z e r  d a t a  s p e c i f i c a t i o n  can 
n o t  be used f o r  wing s t a t i o n s .  
Aux i l i a ry  Density/Thickness Input .  - The elemental  dens i ty  
and th ickness  a r e  usua l ly  provided t o  t h e  program through 
t h e  $SHAPE i n p u t  l i s t  under t h e  v a r i a b l e  names RHO and H 
r e s p e c t i v e l y ,  b u t  can be read i n t o  t h e  program on formatted 
(10F7.0) i n p u t  ca rds  following t h e  f i r s t  $SHAPE i n p u t  as 
i l l u s t r a t e d  i n  f i g u r e  11. The a u x i l i a r y  read opt ion  i s  
invoked by t h e  parameter: 
KRHOH = 1, 
set i n  t h e  f i r s t  $SHAPE i n p u t  l ist .  When t h e  opt ion  i s  
invoked, i n p u t  ca rds  must be provided with t h e  following 
information i n  10F7.0 format (10 va lues  per  ca rd ,  7 columns 
p e r  va lue)  : 
1. Values of RHO f o r  t h e  su r face  elements between 
s t a t i o n  1 and 2. 
2. Values of H f o r  t h e  s u r f a c e  elements between s t a t i o n  
1 and s t a t i o n  2. 
3.  Repet i t ion  of 1 and 2 f o r  a l l  subsequent s t .a t ions  
f o r  t h e  c u r r e n t  component. 
Each new s e t  of RHO o r  H must s t a r t  a  new card.  ( f i g u r e  11) 
Fur the r ,  if t h e  a u x i l i a r y  geometry opt ion  descr ibed above 
i s  invoked simultaneously with t h e  a .uxi l iary dens i ty  /thick-- 
nesses  i n p u t  opt ion ,  t h e  a u x i l i a r y  dens i ty / th ickness  data 
set fo l lows t h e  a u x i l i a r y  geometry. 
. - The elemental  su r face  weigh t  
ed t o  t h e  program thrclugh the 
$SHAPE i n p u t  l is t  under t h e  v a r i a b l e  name SURFWT b u t  it can 
be read i n t o  t h e  program on formatted (lOF7.0) i n p u t  cards  
fol lowing t h e  f i r s t  $SHAPE i n p u t  set s i m i l a r  t o  t h e  aux:iliary 
d e n s i t y  th ickness  opt ion  ( f i g u r e  11). The opt ion  i s  invoked 

































KSWT = 1, 
s e t  i n  t h e  f i r s t  $SHAPE inpu t  l i s t .  When t h e  opt ion  i s  i n  
e f f e c t ,  t h e  following information must be provided t e n  
va lues  per  card  and seven columns pe r  value (10F7.0 format) :  
1. Values of SURFWT f o r  each p o i n t  on t h e  geometric 
contour f o r  t h e  f i r s t  s t a t i o n .  
2.  Repe t i t ion  of 1. f o r  a l l  s t a t i o n s  of t h e  cu r ren t  
component. 
SURFWT values  f o r  each new s t a t i o n  must s t a r t  on a new card.  
Any a u x i l i a r y  geometry and/or a u x i l i a r y  dens i ty / th ickness  
d a t a  preceed t h e  a u x i l i a r y  su r face  weight d a t a  i n  t h e  deck 
setup.  The sequence f o r  t h e  t h r e e  a u x i l i a r y  d a t a  s e t s  is: 
1. Geometry (KXYZ > 0 ) -  
2. Density/thickness (KRROH > 0 ) .  
Surface weight d i s t r i b u t i o n  (KSWT 
Any o r  a l l  of t h e  above d a t a  s e t s  may be omitted assuming t h e  
appropr ia t e  opt ion  parameters a r e  s e t  t o  zero. 
Black Box Data 
The conf igura t ion  shape d a t a  descr ibed above provides i n p u t  
t o  t h e  program f o r  analyzing s h e l l  s t r u c t u r e s  such a s  fuse- 
l age ,  wings, tank,  e t c .  However, t h e  a n a l y s i s  of masses n o t  
conforming t o  t h e  su r face  model o r  having an unknown shape 
may a l s o  be s p e c i f i e d  by i n p u t t i n g  t h e  cen te r  of g r a v i t y  
(e.g. ) and mass p roper t i e s .  
The mass sources c a l l e d  black boxes may be descr ibed by t h e  
c.g. and weight only (po in t  mass).  However, t h e  i n e r t i a s  
may be taken i n t o  account by spec i fy ing  t h e  moment of 
i n e r t i a  of t h e  elemented mass about t h e  l o c a l  a x i s  through 
i t s  own c.g. The o r i e n t a t i o n  of t h e  l o c a l  a x i s  may be 
s p e c i f i e d  r e l a t i o n  t o  t h e  system reference  o r  some i n t e r -  
mediate r e fe rence  system. 
. - The fol low- 
i n p u t s  requi red  
t o  eva lua te  mass sources by t h e  black box method. The i n p u t  
format i s  s tandard FQRTRaN namelis t  a s  descr ibed above (see  
~ o n f ' i g u r a t i o n  Shape Data) , 
The program searches f o r  a  SBLKBOX inpu t  s e t  a f t e r  reading 
and analyzing a l l  conf igura t ion  shape da ta .  The format of 
t h e  da ta  i s :  
The dashes i n d i c a t e  (name=value) s e t s  which w i l l  be descr ibed 
below: 
BXPLN(3,3) : Black box ox ien ta t ion  a r r a y . .  This a r r a y  
conta ins  t h e  coordina tes  of t h r e e  poin ts .  
I n  mat r ix  no ta t ion ,  
The f i r s t  column of BXPLN conta ins  t h e  X , Y , Z  of t h e  l o c a l  
c.g. Second column conta ins  t h e  coordina tes  of a  p o i n t  on 
t h e  l o c a l  +x a x i s .  Third column conta ins  t h e  coordina tes  
of t h e  l o c a l  +y a x i s ,  Thus, BXPLN de f ines  t h e  p o s i t i o n  and 
o r i e n t a t i o n  of t h e  black box. BXPLN i s  used t o  r o t a t e  and 
t r a n s l a t e  t h e  i n e r t i a s  t o  t h e  r e fe rence  axes. I f  NBX (see 
below) i s  negat ive ,  only t h e  r o t a t i o n  i s  performed and t h e  
r e s u l t a n t  i n e r t i a s  a r e  saved ( see  PMIP) and combined wi th  
t h e  next  black box input .  Once NBX i s  set  p o s i t i v e ,  complete 
t ransformation of t h e  accumulated da ta  i s  performed. 
CNVMS: Fac to r  t o  convert  weight u n i t s  i n t o  mass u n i t s .  
This  i n p u t  parameter a f f e c t s  only t h e  moment and product 
of i n e r t i a  ca lcu la t ions .  .The t o t a l  weight remains i n  
i n p u t  u n i t s .  The weight elements en tered  i n t o  an i n e r t i a  
c a l c u l a t i o n  a r e  d iv ided  by CNVMS f o r  conversion t o  mass. 
The i n i t i a l i z a t i o n  of CNVMS is  p r e s e t  to 32.1741b/slug. 
IXX: Mass moment of i n e r t i a  of a  black box about a  
-l o c a l  x  a x i s  through i t s  c.g. It  must be i n  c o n s i s t a n t  
i n e r t i a  u n i t s .  I t  i s  no t  a f f e c t e d  by t h e  va lue  of CNVMS. 
I Y Y  and I Z Z :  Mass moments of i n e r t i a  f o r  t h e  l o c a l  y  
and z axes r e spec t ive ly .  
LABEL(6):  An alphameric l a b e l  i n p u t  f o r  each segment 
(and each black box). It  can be up t o  60  cha rac te r s  
long, inpu t  with a h o l l e r i t h  c h a r a c t e r  count,  nH. A 
long h o l l e r i t h  s t r i n g  cannot be continued on a second 
card ,  bu t  can be i n p u t  i n  mul t ip le  of 10 cha rac te r  e,g .  
LABEL (1) = 2 OH THIS IS A SAMPLE BLC, 
LABEL ( 3 )  1 2 H  CK BOX LABEL, 
Note t h a t  blank spaces a r e  included i n  t h e  h o l l e r i t h  
count,  
NBX: Control  i n t e g e r  f o r  black box input .  I f  NBX = 0 ,  
-
program proceeds t o  p l o t t i n g  d a t a  o r  t o  t h e  next  case ,  
NBX = 1 i s  used t o  s p e c i f y  non-symmetrical transforma- 
t i o n  of t h e  i n e r t i a s  i n  PMIP t o  system re fe rence  axes 
and add t o  system t o t a l .  NBX = 2 i s  used t o  spec i fy  a 
symmetrical t ransformation.  
The weight and remaining i n e r t i a s  a r e  doubled, t r ans -  
l a t e d  t o  system reference  axes,  and added t o  system 
t o t a l .  I f  NBX i s  negat ive,  t h e  program r o t a t e s  t h e  
i n e r t i a s  bu t  does no t  t r a n s l a t e  t o  t h e  r e fe rence  axes,  
A s  long a s  NBX remains negat ive ,  t h e  accumulation of 
i n e r t i a  p r o p e r t i e s  i n  PMIP continues.  When NBX becomes 
p o s i t i v e ,  t h e  c u r r e n t  con ten t s  of PMIP a r e  transformed 
t o  t h e  system re fe rence  axes according t o  whether NBX 
i s  1 o r  2,  
PMIP(3,3): This  a r r a y  con ta ins  t h e  black box's  products 
and moments of i n e r t i a  about an a x i s  through t h e  l o c a l  
c.g. 
I n  matr ix  no ta t ion ,  
PMIP = 
The a r r a y  i s  a c t u a l l y  symmetrical about t h e  major dia- 
gonal bu t  only t h e  lower terms a r e  input .  The program 
f i l l s  t h e  upper h a l f .  The diagonal  terms can be inpu t  
wi th  t h e  names I X X ,  I Y Y  and I Z Z .  I f  t h e  NBX = negat ive 
f e a t u r e  i s  being used, t h i s  a r r a y  i s  i n p u t  only with t h e  
f i r s t  SBLKBOX s e t  i n  t h e  group of black boxes being 
accumulated. Input  must be i n  c o n s i s t e n t  i n e r t i a  u n i t s .  
WTM: Weight of a black box. If NBX = 2 ,  t h i s  i s  t h e  
weight of t h e  black box con t r ibu t ion  t o  t h e  black box 
set. The mass con t r ibu t ion  of WTM t o  t h e  i n e r t i a  t r ans -  
formation i s  determined by conversion using C 
XO: This i s  t h e  X coordina te  of a black box c.g. This  
-
i n p u t  w i l l  p l ace  a va lue  i n  t h e  X p o s i t i o n  i n  BXPLN. 
When NBX i s  p o s i t i v e .  XO must be ?he black box c.g. 
measured p a r a l l e l  t o  t h e  absolu te  system reference  axes. 
YO and ZO: S imi la r  t o  XO (above).  These a r e  Yo and 
Z coordinates .  Thei r  va lues  a r e  placed i n  t h e  f i r s t  
c8llumn of BXPLN. I f  NBX = 1, YO can be negat ive.  
XOF: X-offset  from t h e  system re fe rence  t o  t h e  o r i g i n  
-
of t h e  XO-values t h a t  a r e  inpu t ,  XOF i s  added t o  every 
value of XO. 
YOF.and ZOF: Simi lar  t o  XOF (above) ,  They a r e  added 
t o  Y and Z i npu t s  r e spec t ive ly .  
p l o t t i n g  Data 
The program provides op t iona l  p l o t t i n g  f o r  a l l  conf igura t ion  
geometry on a component by component bas i s .  The i n t e g e r  KPLT 
( s e t  i n  $SHAPE) c o n t r o l s  t h e  s to rage  of p l o t  d a t a  f o r  each 
component. Once t h e  VAMP a n a l y s i s  i s  complete, any number 
of p l o t s  may be generated from t h e  s to red  geometry f o r  l a t e r  
p:Lotting on t h e  CALCOMP p l o t t e r  ( see  f i g u r e  4 ) .  
Four p l o t  opt ions  a r e  a v a i l a b l e ,  each requ i r ing  a s i n g l e  ca rd  
input .  The four  p l o t  type opt ions  and requi red  i n p u t  f o r  
each a r e  descr ibed below. The program cont inues t o  read 
cards  and produce p l o t  information u n t i l  a f t e r  completing a 
reques t  t h a t  included a one (1) i n  column 7 2 .  
The t i t l e  card i s  p r i n t e d  on every p l o t .  The contents  of 
t h e  p l o t  reques t  card  a r e  p r i n t e d  on a l l  p l o t s  except  those  
produced by t h e  W3 opt ion.  
Orthographic P ro jec t ions .  - An orthographic p r o j e c t i o n  
reques t  card  conta ins  t h e  following da ta  punched i n  t h e  
ind ica ted  columns : 
Co lurnn For t ran  Name Descr ip t ion  
1 HORZ "XIw "Y'! o r  "Z" f o r  h o r i z o n t a l  ax i s .  
3  VERT " X I "  'rY" o r  " Z "  f o r  v e r t i c a l  a x i s ,  
The word "OUT" f o r  t h e  d e l e t i o n  of 
hidden l i n e s ,  otherwise,  leave  blank, 
8-12 PHI Rol l  ang le ,  degrees.  
13-17 THETA P i t c h  angle ,  degrees.  
18-22 PSI Yaw angle ,  degrees.  
48-52 PLOTS Z PLOTSZ determines t h e  s i z e  of t h e  
p l o t .  A s c a l e  f a c t o r  i s  computed 
using PLOTSZ and t h e  maximum dimen- 
s i o n  of t h e  conf igura t ion .  
53-55 TYPE The word "ORT. " 
72 KODE 1 i f  t h i s  i s  t h e  l a s t  p l o t .  
The or thographic  p r o j e c t i o n s  a r e  c rea ted  by r o t a t i n g  each 
p o i n t  on t h e  body su r face  t o  t h e  des i red  viewing angle  and 
then  t ransforming t h e  p o i n t s  i n t o  a coordina te  system i n  t h e  
p lane  of t h e  paper. The body coordina te  system i s  coinc ident  
with t h e  f i x e d  system i n  t h e  p lane  of t h e  paper when a l l  of 
t h e  r o t a t i o n  angles  a r e  zero; f o r  example, t h e  conf igura t ion  
X a x i s  and Y a x i s  would coinc ide  wi th  t h e  paper f o r  p l o t s  i n  
t h e  X , Y  paper plane.  This would produce a  top  o r  p lan  view 
wi th  t h e  nose t o  t h e  l e f t .  The Y,  Z view i s  from t h e  r e a r  and 
the  X , Y  view (e leva t ion)  i s  from t h e  Y = negat ive  s i d e ,  nose 
t o  l e f t .  The r o t a t i o n s  of  t h e  body and i t s  coordina te  system 
t o  g ive  a d e s i r e d  viewing angle  a r e  s p e c i f i e d  by angles  of 
r o l l ,  p i t c h  and yaw (O,@,Y) which a r e  p o s i t i v e  by t h e  r i g h t  
hand r u l e .  HORZ and VERT spec i fy  t h e  s t a r t i n g  p o s i t i o n  from 
which t h e  view i s  ~ o t a t e d ,  according t o  t h e  inpu t  angles .  
An at tempt  i s  made t o  c e n t e r  t h e  g iven  conf igura t ion  wi th in  
t h e  s p e c i f i e d  f i e l d .  I f  t h e  d e s i r e d  p l o t  s i z e  i s  g r e a t e r  
than  28 inches ,  cen te r ing  i s  attempted wi th in  28 inches so 
c a r e  must be taken i n  choosing t h e  view, i . e . ,  PLOTSZ may 
exceed 28 a s  long a s  t h e , r e s u l t a n t  v e r t i c a l  dimensions of 
t h e  p l o t  do n o t  exceed 28 inches s i n c e  t h e  paper i s  29.5 
inches wide (bu t  up t o  1 2 0  f e e t  long) .  
Minimuna va lues  a r e  ad jus ted  s o  t h a t  body a x i s  l i n e s  wi th  no 
r o t a t i o n  angles  coincide wi th  g r i d  l i n e s  on t h e  p l o t t e r  paper. 
Therefore,  t h e  p l o t t e r  pen should be pos i t ioned  one inch  from 
thie s i d e  of t h e  p l o t t i n g  space and on t h e  i n t e r s e c t i o n  of 
heavy g r i d  l i n e s  a t  t h e  s t a r t  of p l o t t i n g  i f  p l o t t i n g  i s  t o  
be done on g r i d  paper. The i n i t i a l  pen p o s i t i o n  i s  n o t  inpu t  
t o  t h e  program but  s p e c i f i e d  on t h e  CALCOMP p l o t t i n g  ins t ruc -  
tion card submitted t o  t h e  computing c e n t e r  a f t e r  t h e  program 
VAMP run i s  completed. 
Plan,  Elevat ion  and Rear Views (Stacked) .  - A three-view p l o t  
- 
refquest  card  con ta ins  t h e  fol lowing d a t a  punched i n  t h e  
ind ica ted  columns: 
Colmns - For t ran  Name Descr ip t ion  
5- 7 TEST1 The word "OUT" f o r  t h e  d e l e t i o n  of 
hidden l i n e s ,  otherwise,  l eave  blank. 
8-12 P H I  Y-position on t h e  paper of p lan  view, 
inches.  
13-17 THETA Y-position on t h e  paper of t h e  s i d e  
view, inches.  
1 8 - 2 2  P S I  Y-position on t h e  paper of t h e  r e a r  
view, inches.  
48-52 PLOTSZ PLOTSZ determines t h e  s i z e  of t h e  
p l o t .  See Orthographic p ro jec t ions .  
53-55 TYPE The word "VU3. " 
7 2  KODE I f  1, t h i s  i s  t h e  l a s t  p l o t .  
T h i s  op t ion  produces t h e  X , Y ,  X , Z  and Y , Z  or thographic projec-  
t i o n s  with no r o t a t i o n  angles .  The views a r e  s tacked ac ross  
t h e  paper, No a t tempt  i s  made t o  c e n t e r  t h e  views o r  keep 
them from overlapping each o the r .  The f i n a l  o r i g i n  p o i n t  of 
t h e  X , Y , Z  a r r a y s  i s  used a s  t h e  o r i g i n  of t h e  two axes t h a t  
a r e  being p l o t t e d  f o r  each view. The "Y-position" d e f i n e s  
t h e  l o c a t i o n  of t h e  hor izon ta l  a x i s  being p l o t t e d  f o r  t h e  
p a r t i c u l a r  view. 
. - A pe r spec t ive  view reques t  card  con ta ins  
t h e  following d a t a  punched i n  t h e  ind ica ted  columns: 
Columns For t ran  N a m e  Descr ip t ion  











x of t h e  viewpoint ( l o c a t i o n  of viewer) 
i n  t h e  d a t a  coordina te  system. 
y of t h e  viewpoint i n  t h e  d a t a  coordina te  
sys  tem. 
z of t h e  viewpoint i n  t h e  da ta  coordina te  
system. 
x of t h e  f o c a l p o i n t  (determines d i r e c t i o n  
and focus)  i n  t h e  d a t a  coordinate  system. 
y of t h e  foca lpo in t  i n  t h e  d a t a  coordinate  
system. 
z of t h e  f o c a l  p o i n t  i n  t h e  d a t a  coordina te  
system. 
The d i s t a n c e  from t h e  eye t o  t h e  view- 
ing plane.  
The viewing plane magnif icat ion f a c t o r .  
It  c o n t r o l s  t h e  s i z e  of t h e  p ro jec ted  
image. 
The diameter i n  inches of t h e  viewing 
plane.  DIST and PLOTSZ togekher 
determine a cone which i s  t h e  f i e l d  
of v i s ion .  
The word "PER. " 
~f 1, t h i s  i s  t h e  l a s t  p l o t .  
Perspect ive  views a r e  obtained by p ro jec t ing  s t r a i g h t  l i n e s  
from p o i n t s  on t h e  o b j e c t  t o  t h e  viewer; the  viewer being a 
s i n g l e  p o i n t  i n  space. The p o i n t s  where these  l i n e s  i n t e r c e p t  
t h e  view plane  form t h e  image. I f  t h e  view plane i s  between 
t h e  viewer and o b j e c t ,  t h e  image i s  smal ler  than  t h e  o b j e c t  
because t h e  p ro jec ted  l i n e s  a r e  converging. Thus, t h e  b a s i c  
s c a l e  of t h e  p l o t  i s  con t ro l l ed  by t h e  r a t i o  of D I S T  t o  t h e  
viewer 's  d i s t a n c e  from t h e  ob jec t .  I n  t h i s  program, t h e  view 
plane  cannot be placed behind t h e  ob jec t .  I t  can be placed 
wi th in  t h e  o b j e c t ,  i n  which case ,  a cutaway view i s  obtained 
of what remains behind t h e  plane.  The f o c a l  po in t  i s  t h e  
p o i n t  towards which t h e  viewer i s  looking; a l s o  c a l l e d  cen te r  
of view. The view plane  i s  normal t o  t h e  l i n e  from t h e  viewer 
t o  t h e  focus,  PLOTSZ i s  t h e  diameter of a  c i r c u l a r  "hole"  
loca ted  a t  DIST,  through which t h e  o b j e c t  i s  viewed, Per- 
s p e c t i v e  l i n e  i n t e r c e p t s  ou t s ide  t h i s - c i r c l e  a r e  no t  p l o t t e d .  
Thus, PLOTSZ i s  t h e  maximum s i z e  of t h e  a c t u a l  p l o t ,  b u t  it 
- 
can be smaller .  FMAG magnif ies  t h e  view of t h e  o b j e c t  (FMAG 
can be l e s s  than 1 .0) .  I t  a f f e c t s  t h e  dimensions normal t o  
t h e  viewer-focus l i n e ,  The magnified view i s  s t i l l  seen 
through t h e  PLOTSZ hole.  I f  DIST and PLOTSZ a r e  such t h a t  
t h e  e n t i r e  o b j e c t  cannot be seen,  even l e s s  w i l l  be seen a s  
FmG increases .  Each p l o t  w i l l  be i n s i d e  a  PLOTSZ c i r c l e .  
Data which a r e  wi th in  t h e  cone of t h e  viewing p lane ,  b u t  
n o t  i n  t h e  immediate range of t h e  f o c a l  p o i n t ,  may be d is -  
t o r t e d .  
S t e r o  Frames S u i t a b l e  f o r  Viewing i n  a  Steroscope. - The inpu t  
- i s  i d e n t i c a l  t o  t h a t  f o r  Bhe pe r spec t ive  views except  t h a t  
t h e  word "STEW i s  used i n  columns 53-55. D I S T ,  FMAG and 
PLOTSZ must be s e l e c t e d  t o  produce a  p l o t  t h a t  w i l l  f i t  t h e  
intended s t e r e o  viewer. The s t e r e o  p l o t s  a r e  two pe r spec t ive  
views with t h e  viewpoint s h i f t e d .  These two p l o t s  a r e  
centered 9 .8  inches a p a r t .  
Use of VAMP wi th in  O D I N  
The Optimal Design I n t e g r a t i o n  ( O D I N )  system i s  a  l i b r a r y  of 
independent computer programs represent ing  t h e  a n a l y t i c a l  
c a p a b i l i t i e s  i n  a  wide v a r i e t y  of technologica l  d i s c i p l i n e s .  
The VAMP computer program i s  but a  s i n g l e  member of t h e  O D I N  
l i b r a r y .  The sequence of execut ion of t h e  ind iv idua l  pro- 
grams i s  con t ro l l ed  by t h e  execut4ve program, DIALOG ( re fe rence  
15) which a l s o  mainta ins  a  name-oriented da ta  base of design 
information. Each p iece  of information i s  s t o r e d  by name. 
The da ta  base forms a  communication l i n k  among t h e  programs 
i n  t h e  l i b r a r y ,  When used wi th in  t h e  O D I N  system, V 
r ece ives  d a t a  from t h e  da ta  base before execut ion and pro- 
v i d e s  information f o r  updating t h e  d a t a  base. The a c t u a l  
t r a n s f e r  of information t o  and from t h e  d a t a  base i s  per- 
formed by DIALOG through pre-\and post-  processing of t h e  
d a t a  s o  VAMP i s  "unaware" that\  it i s  p a r t  of an a n a l y s i s  
involving many programs. The genera l  procedure f o r  using 
O D I N  i s  descr ibed i n  re ference  15 ,  but  t h e r e  a r e  no s p e c i a l  
i n p u t  requirements f o r  using VAMP wi th in  t h e  O D I N  system. 
A s i n g l e  c o n t r o l  d i r e c t i v e ,  
"EXECUTE VAMP' 
i s  requi red  f o r  t h e  execut ion of t h e  program. The d e l i m i t e r  
(7 i s  a  4-8 punch. The d a t a  which fol lows t h i s  d i r e c t i v e  
i s  t h e  normal inpu t  da ta  descr ibed above, However, any da ta  
va lues  may come from t h e  d a t a  base by spec i fy ing  t h e  d a t a  
base name on t h e  inpu t  card  ( i n  l i e u  of t h e  a c t u a l  v a l u e ) .  
SCLX = "SCALE,' 
SCLY = 'SCALE, '  
SCALX = ' SCALE, " 
1 
I n  t h e  above i l l u s t r a t i o n  t h e  name SCALE i s  a d a t a  base name 
which may represen t  a s c a l e  f a c t o r  f o r  t h e  e n t i r e  eonfigura- 
t ion .  The execut ive program, DIALOG rep laces  t h e  name and 
t h e  a s soc ia ted  d e l i m i t e r  'SCALE' with t h e  d a t a  base value 
f o r  SCALE. Upon execut ion of VAMP, t he  i n p u t  component i s  
photometr ical ly  sca led  by t h e  c u r r e n t  s c a l e  f a c t o r  i n  t h e  
d a t a  base, A procedure i s  a l s o  a v a i l a b l e  f o r  t r a n s f e r r i n g  
d a t a  base a r r a y s  (see  reference  1 5 ) .  
The i l l u s t r a t i o n  above a p p l i e s  t o  namelis t  inpu t ,  b u t  the 
procedure f o r  e x t r a c t i n g  d a t a  base information i s  equal ly  
app l i cab le  t o  formatted input .  The f i e l d  width i s  s p e c i f i e d  
t o  t h e  p o s i t i o n  of t h e  d e l i m i t e r s  ( I )  a s  i l l u s t r a t e d  below: 
DEN is  assumed t o  be t h e  name of a da ta  base v a r i a b l e ,  The 
va lue  of DEN w i l l  be placed (by DIALOG) on t h e  i n p u t  card  i n  
t h e  most s i g n i f i c a n t  (E o r  F)  format l e f t  j u s t i f i e d  i n  t h e  
s p e c i f i e d  f i e l d .  I f  t h e  d a t a  base v a r i a b l e s  were an i n t e g e r  
t h e  value would be r i g h t  j u s t i f i e d  i n  t h e  f i e l d  (I format) .  
PROGRAM OUTPUT 
The output  from t h e  VAMP program i s  divided i n t o  f i v e  
groups. 
Input  deck l i s t i n g  
Configurat ion da ta  output  
Black box d a t a  output  
O D I N  ou tpu t  
Configuration p l o t  d a t a  output  
The f i r s t  t h r e e  groups a r e  p r i n t e d  i n  t h e  l i s t e d  o rde r  on 
t h e  normal output  elements. The O D I N  output  i s  a  subse t  
of t h e  conf igura t ion  and black box da ta  saved o r  a  s p e c i a l  
output  f i l e  f o r  p o t e n t i a l  s to rage  i n  t h e  O D I N  d a t a  base. 
Configuration p l o t  da ta  a r e  s to red  a s  a  p l o t  vec to r  f i l e  
( a  phys ica l  t ape )  f o r  l a t e r  p l o t t i n g  on a  CALCOMP device.  
A sample case  i l l u s t r a t i n g  a l l  da ta  output  i s  presented i n  
Appendix A. 
Configurat ion Data Output 
The program computes t h e  volume, a r e a s  and mass p r o p e r t i e s  
of s h e l l  s t r u c t u r e s  on a  section-by-section b a s i s  f o r  each 
component and on a  segment-by-segment (component) b a s i s  f o r  
t h e  e n t i r e  conf igura t ion .  It  accumulates t h e  r e s u l t s  of 
previous ( s e c t i o n s  o r  segments) wi th  t h e  c u r r e n t  s e c t i o n  
( o r  segment) a s  t h e  c a l c u l a t i o n  proceeds. One page of out- 
p u t  p resen t s  t h e  mass p r o p e r t i e s  of t h e  c u r r e n t  s e c t i o n  and 
t h e  cumulative r e s u l t s  of a l l  previous sec t ions .  
Intermediate  r e s u l t s  f o r  each component a r e  summarized by 
a  page of output  present ing  t h e  mass p r o p e r t i e s  of t h e  
c u r r e n t  segment and t h e  cumulative r e s u l t s  f o r  a l l  previous 
segments. The l a s t  such summary provides mass p r o p e r t i e s  
f o r  t h e  e n t i r e  configurat ion.  The mass p r o p e r t i e s  output  
f o r  each segment i s  preceeded by a  p r i n t o u t  of program con- 
t r o l s  and corner-point geometry. The f i r s t  page con ta ins  
t h e  c u r r e n t  va lues  of a l l  t h e  program opt ion  c o n t r o l s ,  t h e  
X coordina tes  of t h e  segment, t h e  c r o s s  s e c t i o n  a r e a s  of a l l  
s t a t i o n  planes and t h e  n e t  ha l f  widths of a l l  s t a t i o n  con- 
t o u r s ,  A new page i s  s t a r t e d  wi th  t h e  corner-point geometry 
of t h e  segment. I f  m a s s  property c a l c u l a t i o n s  were requested 
(KP%T<O9 , H, RHO and SURFWT a r e  then  p r i n t e d  f o r  t h e  segment. 
The ggometry and u n i t  mass da ta  i s  p r i n t e d  i n  s t a t i o n  o rde r  
(J) down t h e  page and around t h e  contour (I) order  ac ross  
t h e  page. The format provides f o r  11 p o i n t s  t o  be p r i n t e d  
across  t h e  page. Since t h e  program can accep t  up t o  4 5  
p o i n t s  pe r  contour ,  t h e  a d d i t i o n a l  p o i n t s  fol low i n  separa te  
groups. The (1,J) i n d i c e s  f o r  each v a l u e ' s  p o s i t i o n  i n  i t s  
r e s p e c t i v e  a r r a y  a r e  c l e a r l y  ind ica ted  s o  t h a t  t h e  proper  
s u b s c r i p t s  can be r e a d i l y  determined i f  changes i n  t h e  in-- 
p u t  a r e  needed. 
Black Box Data Output 
The black box d a t a  ou tpu t  i s  s i m i l a r  i n  s t r u c t u r e  t o  t h e  
conf igura t ion  d a t a  output .  The elemental  p r o p e r t i e s  of t h e  
black boxes a r e  r o t a t e d  and/or transformed t o  t h e  system 
re fe rences  one a t  a  t i m e  u n t i l  a l l  b lack  box inpu t  i s  s a t i s -  
f i e l d .  The program p r i n t s  t h e  i n d i v i d u a l  p r o p e r t i e s  and 
t h e  accumulated p r o p e r t i e s  a s  t h e  c a l c u l a t i o n  proceeds,  
The accumulated p r o p e r t i e s  inc lude  a l l  conf igura t ion  d a t a  
as w e l l  a s  t h e  p r o p e r t i e s  of previous b lack  boxes. The 
accumulated p r o p e r t i e s  f o r  t h e  l a s t  black box represen t s  
t h e  m a s s  p r o p e r t i e s  f o r  t h e  e n t i r e  vehic le .  
The black box output  con ta ins  va lues  p r i n t e d  i n  c o l m n s ,  
The columns a r e  i d e n t i f i e d  a t  t h e  top  of each page. The 
columns inc lude  X , Y , Z  coordina tes ,  weight and t h e  s i x  
moments and products  of i n e r t i a .  Each l i n e  s t a r t s  wi th  an 
a lphabe t i c  desc r ip t ion ,  The second output  l i n e  s t a r t s  with 
t h e  word INPUT and p r e s e n t s  p a r t  of t h e  inpu t  suppl ied  f o r  
t h e  c u r r e n t  black box. The X , Y , Z  columns a r e  t h e  coordina tes  
of  i t s  c.g. ( t h e  f i r s t  column of BXPLN) . The i n e r t i a s  i n  
t h i s  l i n e  a r e  t h e  i n p u t  va lues ,  r e l a t i v e  t o  t h e  l o c a l  prime 
axes. The t h i r d  l i n e  s t a r t s  with:  
This  l i n e  con ta ins  t h e  mass p r o p e r t i e s  of t h e  black box 
about  t h e  system re fe rence  axes.  If no r o t a t i o n  of t h e  
i n e r t i a s  w a s  requi red ,  t h e  letters ROT a r e  de le ted .  I f  
NBX = 2 ,  t h e  c u r r e n t  black box has a  symmetrical counter- 
p a r t  and Y = 0.0 on t h i s  l i n e  along with t h e  appropr ia t e  
doubling o r  zeroing of t h e  weight and i n e r t i a s .  A f t e r  t r ans -  
forming t h e  black box t o  t h e  r e fe rence  axes,  program V 
adds it t o  t h e  cumulative system which inc ludes  a l l  s e ~ e i l t s  
of t h e  v e h i c l e  and a l l  proceding black boxes. The r e s u l t a n t  
mass p r o p e r t i e s  about t h e  r e fe rence  axes,  a r e  p r i n t e d  on 
t h e  l i n e  t h a t  s t a r t s  with SYSTEM/REF.AXES and cont inues wi th  
no e n t r i e s  i n  t h e  X , Y , Z  columns. The f i f t h  (and last11 l i n e  
l eads  o f f  wi th  SYSTEM/C.G. and con ta ins  t h e  c.g. coordina tes  
of t h e  accumulated system, t o t a l  weight and i n e r t i a s  about 
axes through t h e  system c.g., p a r a l l e l  t o  t h e  reference  axes. 
I f  NBX i s  negat ive,  only t h e  f i r s t  and second l i n e s  are 
p r i n t e d  (LABEL and I N P U T )  bu t  t h e  program expects  more i n p u t  
t o  complete t h e  c u r r e n t  black box. With each succeeding 
SBLKBOX s e t ,  t h e  I N P U T  l i n e  r e f l e c t s  t h e  r o t a t i o n  s p e c i f i e d  
by t h e  preceding s e t .  ROT i s  s t i l l  d e l e t e d  i f  t h e  f i n a l  
SBLKBOX s e t  does n o t  s p e c i f y  r o t a t i o n .  The f i v e  l i n e  for -  
mat i s  repeated f o r  a l l  black boxes i n  t h e  case.  
Configurat ion P l o t  Data Output 
P l o t t e d  output  from t h e  VAMP program depends on t h e  occurrence 
of t h e  fol lowing four  events :  
1, The s e t t i n g  of KPLT > 0 f o r  a t  l e a s t  one of t h e  
conf igura t ion  compon&ts. 
2. The presence of a t  l e a s t  one p l o t  r eques t  card  
following l a s t  black box d a t a  i n p u t  set. 
3 ,  The t r a n s f e r  of t h e  p l o t  v e c t o r  f i l e  CALTPE t o  a  
phys ica l  tape  a s  i l l u s t r a t e d  i n  f i g u r e  4. 
4. The submi t t a l  of a  CALCOMP p l o t t i n g  i n s t r u c t i o n  
card.  
Any of t h e  f o u r  types  of p l o t s  descr ibed e a r l i e r  may be 
generated,  Figures  1 and 2 i l l u s t r a t e  CALCOMP ou tpu t  f o r  
t h e  program. Appendix A a l s o  conta ins  a  sequence of CALCOMP 
output  examples f o r  t h e  sample case.  
I n  a d d i t i o n  t o  t h e  p l o t t e d  d a t a ,  t h e  program provides  some 
p r i n t e d  information a l s o .  
The program p r i n t s  t h e  minimum, maximum and d i f f e r e n c e  
between maximum and minimum values  of X , Y  and Z r e spec t ive ly .  
There a r e  t h e  va lues  used t o  s c a l e  t h e  p l o t s .  The program 
a l s o  l is ts  t h e  p l o t  r eques t  cards.  Each card  i s  l i s t e d  
twice.  F i r s t  i s  t h e  c a r d  image which shows what was punched 
on t h e  card.  The second l i s t i n g  i s  t h e  computer's i n t e r -  
p r e t a t i o n  of t h e  card.  This  i n t e r p r e t a t i o n  i s  designed t o  
i n d i c a t e  t h e  c o r r e c t  columns f o r  t h e  da ta .  Thus, it shows 
inpu t  rounded of f  t o  a  whole number, bu t  a l l  decimal p laces  
a r e  r e t a i n e d  i n t e r n a l l y .  I t  a l s o  shows t h e  s i g n s  which 
have been known t o  be punched i n  t h e  wrong column and l o s t .  
I f  p l o t t i n g  t roub le  i s  encountered, t h e  l a s t  reques t  card 
l i s t e d  i s  t h e  one t h e  program i s  t r y i n g  t o  s a t i s f y ,  
Remember t h a t  t h e  l a s t  p l o t  r eques t  card  must have a 1 i n  
column 72 unless  it i s  a l s o  t h e  l a s t  card i n  t h e  i n p u t  
deck. I f  t h e r e  a r e  no p l o t  r eques t  cards  and no fol lowing 
case d a t a  ( i . e .  end of inpu t  f i l e )  , t h e  program w i l l  make 
a normal s t o p  a f t e r  p r i n t i n g  t h e  maximum/minirnum values ,  
The a c t u a l  p l o t s  a r e  made on a CALCOMP p l o t t e r .  Each p l o t  
provides an image of t h e  t i t l e  card.  With t h e  except ion of 
p l o t s  produced by t h e  VU3 opt ion ,  each p l o t  a l s o  conta ins  
t h e  image of t h e  p l o t  reques t  card.  Th i r ty  inch  p l o t  paper 
should be requested.  
O D I N  Output 
The O D I N  d a t a  base output  c o n s i s t s  of t h e  volume, a rea  and 
mass p r o p e r t i e s  of each segment on an ind iv idua l  and 
cumulative bas i s .  The information i s  placed on a s p e c i a l  
f i l e  i n  a namelis t  l i k e  format f o r  use by t h e  DIALOG 
( re fe rence  15) execut ive program. Any subse t  of t h e  infor -  
mation i n  t h i s  f i l e  may be placed i n  t h e  da ta  base by 
DIALOG f o r  use by o t h e r  programs. A s p e c i a l  name genera t ing  
c a p a b i l i t y  is  employed i n  VAMP t o  provide unique d e s c r i p t i o n s  
(names) f o r  t h e  var ious  segment, component and black box 
p r o p e r t i e s ,  
A set of a r r a y  information i s  generated f o r  each segment 






CUMS BT On 
Ind iv idua l  Segment Information 
Cumulative Information 
The c h a r a c t e r  p o s i t i o n ,  n, v a r i e s  a s  t h e  segment number 
changes. There a r e  a s  many of t h e  above s e t s  a s  t h e r e  a r e  
segments i n  t h e  mass p r o p e r t i e s  ana lys i s .  Figures  1 2  and 
13  a s s o c i a t e  t h e  elements of t h e  above a r r a y s  with t h e  
a c t u a l  output  from VAMP. The reader  unfami l ia r  wi th  t h e  
i l l u s t r a t e d  ou tpu t  i s  r e f e r r e d  t o  Appendix A f o r  complete 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure  12 i s  t h e  normal output  f o r  SEGMENT 1---FUSELAGE. 
General ly  t h e  upper h a l f  of t h e  page i s  segment d a t a  and 
t h e  lower h a l f  i s  cumulative ( a l l  previous  segment ca lcu la -  
t i o n s )  da ta .  Since f i g u r e  1 2  i s  t h e  f i r s t  segment, t h e  
lower h a l f  d a t a  i s  i d e n t i c a l  with t h e  upper h a l f  da ta .  The 
genera ted  O D I N  d a t a  base a r r a y  names appear on t h e  l e f t  i n  
bold type  and t h e  element numbers of  t h e  genera ted  names 
which a r e  a s s o c i a t e d  wi th  the-da ta  elements appear d i r e c t l y  
beneath t h e  corresponding d a t a  elements. For  example, t h e  
c a g e  l o c a t i o n  of segment 1 (SEGXYZOl) i s :  
The corresponding cumulative c.g. l o c a t i o n  C U M X Y Z O l  i s  
i l l u s t r a t e d  i n  t h e  lower ha l f  of f i g u r e  12. S i m i l a r  
examples may be observed f o r  su r face  a r e a s ,  i n e r t i a s ,  etc. 
F igure  13 i l l u s t r a t e s  t h e  correspondence between VAMP d a t a  
and O D I N  d a t a  base elements f o r  t h e  second segment. Here 
t h e  upper h a l f  i s  t h e  c a l c u l a t e d  p r o p e r t i e s  f o r  t h e  wing 
segment. The lower ha l f  i s  t h e  accumulated p r o p e r t i e s  f o r  
t h e  wing and fuse lage  (segments 1 and 2 ) .  The O D I N  d a t a  
base names a r e  s i m i l a r  t o  those  i n  f i g u r e  1 2  d i f f e r i n g  
only  i n  t h e  l a s t  c h a r a c t e r  p o s i t i o n s .  
n = 2 f o r  t h e  wing 
n = 1 f o r  t h e  fuse lage  
The a n a l y s t  may quickly  determine from t h e  segment number 
p r i n t e d  what O D I N  d a t a  base name w i l l  be generated.  Once 
de. temined t h e  informat ion  may be def ined  i n  t h e  O D I N  d a t a  
base  fox  use by o t h e r  programs. Up t o  99  segment names may 
be genera ted  ( i . e .  SEGXYZ099). 
In a d d i t i o n  t o  analyzing conf igura t ion  segments, VAMP gen- 
e r a t e s  mass p r o p e r t i e s  ( i n d i v i d u a l  and cumulative) f o r  
e l m e n t a l  p o i n t  masses (black boxes) .  Figure 1 4  i l l u s t r a t e s  
ODIN d a t a  base ou tpu t  f o r  one black box. 
The f i r s t  s e t  of p r i n t  s ta tements  r e p r e s e n t s  t h e  cumulation 






































































































































































































































































































































































































































































































































t o  t h e  d a t a  accumulation f o r  t h e  l a s t  segment ( see  f i g u r e  
1 2 ) .  The O D I N  d a t a  base output  names f o r  t h i s  cumulation 
wil-1 always be: 
wi th  00 a s  t h e  l a s t  two charac te r  p o s i t i o n s .  Therefore,  
even though t h e  number of segments may change from run t o  
run, t h e  v e h i c l e  t o t a l s  (without black box) w i l l  always 
bear  t h e  above names. 
The second s e t  of da ta ,  i n  f i g u r e  14 . ,  i s  f o r  t h e  black box, 
both i n d i v i d u a l l y  and cumulative. The correspondence of 
t h e  ODHN names and d a t a  elements wi th  t h e  b lack  box d a t a  is  
ind ica ted  below. The ind iv idua l  black box p r o p e r t i e s  have 
r o o t  names. 
The black box number i s  i d e n t i f i e d  by n. For example, t h e  
t h i r d  black box would be: 
BBXXY Z 3 0 
The cumulative p r o p e r t i e s  of t h e  black boxes have r o o t  names 
of x 
CUMXY Z n  0  
The r o o t  names a r e  i d e n t i c a l  t o  t h e  r o o t  names f o r  t h e  seg- 
ment cumulative p roper t i e s .  The d i f f e r e n c e s  l ies  i n  t h e  
l a s t  two c h a r a c t e r  pos i t ions :  
CWKXUZ05 = Cumulative cog .  p r o p e r t i e s  f o r  t h e  f i f t h  
segment, 
CUMXYZ50 = Cumulative p r o p e r t i e s  of a l l  segments p l u s  
f i v e  black boxes. 
up t o  99 black box names may be generated.  The l a s t  
c h a r a c t e r  p o s i t i o n  w i l l  always be zero (0) such t e s t  t h e  
99th O D I N  name would be: 
The O D I N  d a t a  base ou tpu t  scheme descr ibed  above i s  adequate 
f o r  e x t r a c t i n g  most any combination of v e h i c l e  p r o p e r t i e s ,  
In termedia te  o r  s e c t i o n  d a t a  i s  n o t  a v a i l a b l e  d i r e c t l y  bu t  
can be obtained simply by grouping s e c t i o n s  i n t o  smal ler  
segments. The new segments would c o n s i s t  of por t ions  of an 
o r i g i n a l  segment. For example, t h e  fuse lage  may be s p l i t  
i n t o  m u l t i p l e  segments by input .  By judic ious  s e l e c t i o n  of 
segments, t h e  a n a l y s t  may o b t a i n  t h e  p r o p e r t i e s  des i red  for 
s t o r i n g  i n  t h e  O D I N  d a t a  base. 
CONCLUDING REMARKS 
Program VAMP i s  designed t o  br idge  t h e  gap between t h e  
h i s t o r i c a l  approach t o  e s t ima t ing  weight and t h e  d e t a i l e d  
s t r u c t u r a l  design approach. I t  computes t h e  mass proper- 
t i e s ,  c e n t e r  of g r a v i t y  l o c a t i o n ,  enclosed volume, wet ted 
a rea  and planform a r e a  of any c losed  s t r u c t u r e  t h a t  has a  
p lane  of symmetry. The conf igura t ion  i s  descr ibed t o  t h e  
program by ordered s e t s  of coordina tes  on i t s  sur face .  
The su r face  i s  approximated by q u a d r i l a t e r a l  su r face  
elements among t h e  po in t s .  The mass p r o p e r t i e s  of t h e  con- 
f i g u r a t i o n  a r e  computed from p r o p e r t i e s  i n p u t  a t  each 
p o i n t ,  The computed mass proper ty  t o t a l s  conta in  t h e  con- 
t r i b u t i o n  from t h e  d i s t r i b u t e d  mass i n  t h e  veh ic le  su r face  
wal l .  Addi t ional  masses may be added by spec i fy ing  each 
c e n t e r  of g r a v i t y  loca t ion  and mass p r o p e r t i e s .  P ic tu re -  
l i k e  images of t h e  conf igura t ion  under s tudy may be obtain-  
ed  from t h e  su r face  geometry. 
The program can be i n t e r f a c e d  wi th  o t h e r  technology modules 
wi th in  t h e  ODIN system. VAMP i t s e l f  i s  n o t  a s i z i n g  o r  
s t r u c t u r a l  s y n t h e s i s  program; o t h e r  modules i n  t h e  ODIN 
program l i b r a r y  c a r r y  o u t  these  funct ions .  A s  a  c o n t r i -  
bu to r  t o  t h e  o v e r a l l  design a n a l y s i s ,  VAMP provides a  
means f o r  assembling shape and mass p r o p e r t i e s  d a t a  from 
o t h e r  sources and f o r  combining t h e  information t o  pro- 
duce t h e  t o t a l  mass p r o p e r t i e s  of a  veh ic le  design. 
T h e  s i g n i f i c a n t  c o n t r i b u t i o n  of t h e  program t o  t h e  genera l  
problem of computer a ided  design i s  twofold. P i r s t ,  t h e  
program o f f e r s  a  u n i f i e d  approach t o  t h e  accounting of 
t h e  v e h i c l e  component mass p r o p e r t i e s .  The f a c t  t h a t  a  com- 
ponent weight i s  n o t  w e l l  known does not  exclude it from 
being analyzed i n  a  mass p r o p e r t i e s  eva lua t ion .  Furthermore, 
d e t a i l e d  mass p r o p e r t i e s  of some veh ic le  components may be 
d e t e m i n e d  elsewhere and s t i l l  be included i n  t h e  VAMP 
ana lys i s .  Second, t h e  d i s t r i b u t e d  mass su r face  model 
incorpora ted  i n  VAMP al lows a  very convenient means of pro- 
ducing v e h i c l e  geometric pe r tu rba t ions  e a r l y  i n  t h e  design 
process  wi th  some degree of confidence i n  t h e  r e s u l t i n g  
a f f e c t  of t h e  pe r tu rba t ion .  
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APPENDIX A 
SAMPLE PROBLEM 
The conf igura t ion  being analyzed wi th  t h e  sample problem i s  
a  wing body conf igura t ion  rep resen t ing  an advanced t r ans -  
p o r t a t i o n  concept. Both t h e  wing and t h e  body a r e  descr ibed 
t o  t h e  program through use of t h e  a u x i l i a r y  geometric d a t a  
inpu t  op t ion  (KXYZ > 0 ) .  The wing geometry i s  descr ibed t o  
t h e  program using t h e  camber and th ickness  d i s t r i b u t i o n  
opt ion  (KWNG = 2 ,  Z = 2 ) .  The su r face  weight opt ion  i s  
employed f o r  spec i fy ing  t h e  u n i t  weight d i s t r i b u t i o n  f o r  
both t h e  fuse lage  and wing sur faces .  Surface weight d i s -  
t r i b u t i o n  i s  descr ibed  t o  t h e  program through t h e  $SHAPE 
i npu t  set (KSWT = 0 ) .  
One black box i s  i n p u t  r ep resen t ing  t h e  weight of 1 0 0 0 0  
pounds loca ted  160 f e e t  a f t  of t h e  nose and t e n  f e e t  above 
t h e  fuse lage  reference  l i n e .  Five p l o t s  a r e  requested.  
The f i r s t  one i s  a  three-view and t h e  o t h e r  four  a r e  ortho- 
graphic p r o j e c t i o n s  represent ing  d i f f e r e n t  views and using 
d i f f e r e n t  hidden l i n e  opt ions.  The d a t a  presented i s  a 
sequen t i a l  l i s t i n g  of t h e  d a t a  ou tpu t  from t h e  computer. 
The O D I N  output  i s  appended by copying t h e  s p e c i a l  output  
f i l e  t o  t h e  p r i n t e r  a t  t h e  end of  t h e  job. The geometric 
p i c t u r e s  were obtained by submit t ing t h e  p l o t  vec to r  t ape  
f i l e  t o  t h e  CALCOMP p l o t t e r .  These p i c t u r e s  a r e  presented 
a t  t h e  end of t h e  sec t ion .  
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